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The e n e r g i e s  o f  t h e  e l e c t r o n i c  t r a n s i t i o n s  
6 1 5 2P >  S -* (p ; P j )  n £ ;  r  o f  t h e  r a r e  g a s e s ,  where p i s  t h e  h i g h e s t
e n e r g y  o c c u p ie d  p AO o f  th e  ground  s t a t e  c o n f i g u r a t i o n  and n£ i s  
t  ht h e  n v i r t u a l  H AO, e x h i b i t  a s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n ,
f o r  f i x e d  n and JL, w i t h  t h e  i o n i z a t i o n  e n e r g i e s  a s s o c i a t e d  w i t h
6 1 5  2T> j S -* p ; P j .  C o r r e s p o n d in g  c o r r e l a t i o n  l i n e s
+ a l s o  o b t a i n  f o r  Rydberg t r a n s i t i o n s  i n  
s im p le  h a l i d e s  and a r e  used t o  i d e n t i f y  t h e  l o w - f r e q u e n c y  Rydberg 
t r a n s i t i o n s  i n  CH^X and HgX£ m o l e c u l e s ,  X -  C4, Br, I .
A n o th e r  t y p e  of c o r r e l a t i v e  t e c h n i q u e  h a s ' b e e n  deve loped  
f o r  th e  a s s ig n m e n t  o f  l e v e l s  which  d e r i v e  from a ns (R)
c o n f i g u r a t i o n  e x c i t a t i o n  (where R d e n o t e s  "R y d b e rg " ) .  Th is  
t e c h n i q u e  has  b een  a p p l i e d  t o  t h e  l o w e s t - e n e r g y  Rydberg e x c i ­
t a t i o n s  [ i . e . ,  l s ( R ) ]  o f  r a r e  g a s e s ,  hydrogen  h a l i d e s ,  a l k y l  
h a l i d e s ,  cy an o g e n  h a l i d e s  and a c e t y l e n e  h a l i d e s .  I t  v e r i f i e s  p r e v i o u s  
q u a l i t a t i v e  a s s i g n m e n t s ,  where such  e x i s t e d ,  and s u g g e s t s  a r e ­
v i s i o n  o f  th e  e x i s t i n g  a s s i g n m e n t s  f o r  m e thy l  c h l o r i d e .
S p e c t r a  a r e  p r e s e n t e d  f o r  CH^X (X = Ci, B r , I )  i n  t h e  
f a r  u l t r a v i o l e t  and f o r  HgX2  (X = CJLt B r , I )  i n  t h e  n e a r  and 
f a r  u l t r a v i o l e t  r e g i o n s .
x
CHAPTER I .  
INTRODUCTION
1
The f a r  u l t r a v i o l e t  r e g i o n  o f  a b s o r p t i o n  s p e c t r o s c o p y ,  
g e n e r a l l y  u n d e r s to o d  t o  e x t e n d  from 2000 t o  1000$,  i s  p r e s e n t l y  
o f  i n t e r e s t  t o  s p e c t r o s c o p i s t s  f o r  a number o f  r e a s o n s .  I n  t h e  
past ; t h e  m agn i tude  o f  t h e  e x p e r i m e n t a l  d i f f i c u l t i e s  were  such  
t h a t  few, i f  any ,  good scanned  s p e c t r a  a r e  a v a i l a b l e  i n  t h e  
l i t e r a t u r e .  P h o t o g r a p h i c  p l a t e s  s e r v e d  th e  f u n c t i o n  o f  d e t e c t o r  
and r e s o l u t i o n  was g e n e r a l l y  p o o r .  Recen t  ad v a n c e s  o f  o p t i c a l  
and e l e c t r o n i c  t e c h n o l o g y  have  r ed u ce d  some o f  th e  d i f f i c u l t i e s  
and i t  is now p o s s i b l e  t o  p ro d u c e  h i g h l y  r e s o l v e d  a b s o r p t i o n  
s p e c t r a  o f  ga seous  atoms or  m o l e c u l e s  i n  t h e  f a r  u l t r a v i o l e t  
r e g i o n  r a t h e r  r o u t i n e l y .
With  t h e  i n c r e a s e d  r e s o l u t i o n  and e a s e  o f  o p e r a t i o n ,  t h e r e  
h a s  come a renewed i n t e r e s t  i n  t h e  s t u d y  of  Rydberg t y p e  t r a n s i t i o n s .  
I n  an atom, Rydberg t r a n s i t i o n s  g e n e r a l l y  i n v o l v e  t h e  p ro m o t io n  o f  an 
e l e c t r o n ,  from one e n e r g y  l e v e l  o f  p r i n c i p a l  quantum number,  n,  
t o  a n o t h e r  l e v e l  w i t h  a h i g h e r  p r i n c i p a l  quantum number.  However,  
i n  some c a s e s  Rydberg t r a n s i t i o n s  can o c c u r  w i t h i n  a p r i n c i p a l  
quantum l e v e l  ( i n t r a  v a l e n c e )  when th e  e l e c t r o n  i s  promoted from 
one e n e r g y  l e v e l  t o  a n o t h e r  b u t  s t i l l  h a v in g  t h e  same n ;  e . g . ,  
np -* nd.  The same s i t u a t i o n  h o l d s  f o r  m o l e c u l e s  b u t  w i t h  m o l e c u l a r  
o r b i t a l s  b e in g  t h e  o r i g i n a t i n g  and t e r m i n a t i n g  o r b i t a l s  of  t h e  Rydberg 
e l e c t r o n i c  t r a n s i t i o n s .  The Rydberg  t r a n s i t i o n s  g e n e r a l l y  i n v o l v e
t r a n s i t i o n  e n e r g i e s  com parab le  t o  t h o s e  o f  f a r  u l t r a v i o l e t  r a d i ­
a t i o n  and t h u s  o c c u r  i n  t h i s  r e g i o n  o f  t h e  spec t rum .
In  t h e  p a s t ,  a b s o r p t i o n  s p e c t r a  s u s p e c t e d  of  c o n t a i n i n g  
Rydberg t r a n s i t i o n s  were  a n a ly z e d  u s i n g  t h e  Rydberg e q u a t i o n  as 
a g u i d e .  Th i s  method,  th ough  t e d i o u s ,  y i e l d e d  many a s s i g n m e n t s ;  
i n d e e d ,  i t  was t h e  o n ly  method a v a i l a b l e .  However, even  under  the  
b e s t  o f  c o n d i t i o n s ,  where t h e  convergence  o f  a l a r g e  number o f  bands  
t o  an  i o n i z a t i o n  p o t e n t i a l  i s  v e r y  o b v io u s ,  t h e  a s s ig n m e n t s  were 
l a r g e l y  t r i a l  and e r r o r .
H a l i d e  c o n t a i n i n g  m o l e c u le s  o ccup ied  a p rom inen t  p l a c e
i n  e a r l i e r  a t t e m p t s  t o  c l a s s i f y  t r a n s i t i o n  bands  i n  th e  f a r
1-14u l t r a v i o l e t  r e g i o n .  S ince  many o f  the  h a l i d e  c o n t a i n i n g
m o l e c u l e s  a r e  g a s e o u s  or  have h ig h  v a p o r  p r e s s u r e s ,  a r e  r e a d i l y  
a v a i l a b l e  i n  p u re  forms and a r e  e a s y  t o  h a n d l e ,  t h e y  r e a d i l y  
l e n t  t h e m s e lv e s  t o  e a r l y  s p e c t r o s c o p i c  s t u d i e s .
In  a d d i t i o n ,  th e  lo n e  p a i r  o f  non-bond ing  e l e c t r o n s  
c e n t e r e d  on t h e  h a l o g e n  atom i s  r e l a t i v e l y  u n a f f e c t e d  by the  sub ­
s t i t u e n t  g roup  and g i v e s  r i s e  t o  a t o m i c - l i k e  Rydberg t r a n s i t i o n s  
w h ich  a r e  v e r y  s h a r p .  I t  was t h i s  c o m b in a t io n  o f  p h y s i c a l  and 
c h e m ic a l  c h a r a c t e r i s t i c s  w h ich  made h a l i d e  m o l e c u le s  o f  i n t e r e s t  
t o  t h i s  i n v e s t i g a t i o n .
A f t e r  w ork ing  t h r o u g h  t h e  Rydberg a s s i g n m e n t s  f o r  t h e  
t h r e e  m e th y l  h a l i d e s  by t h e  t r a d i t i o n a l  Rydberg e q u a t i o n  method 
(a  t im e  consuming t a s k )  some c o r r e l a t i o n  o f  s i m i l a r  bands  i n  t h e  
d i f f e r e n t  m o l e c u l e s  was o b s e r v e d .  However,  t h e  s e a r c h  f o r  a
15c o r r e l a t i o n  p a r a m e t e r  y i e l d e d  no r e s u l t s  u n t i l  Mar ia  e t . a l .
succeeded  i n  c o r r e l a t i n g  l o w - e n e r g y  t r a n s i t i o n s  i n  oxygen c o n t a i n i n g  
m o l e c u l e s  by u s i n g  t h e  m o l e c u l a r  i o n i z a t i o n  p o t e n t i a l  a s  t h e  o r d e r i n g  
p a r a m e t e r .  S u b s e q u e n t l y ,  t h e  m o l e c u l a r  i o n i z a t i o n  p o t e n t i a l  was 
found t o  c o r r e l a t e  s i m i l a r  Rydberg t r a n s i t i o n s  i n  t h e  r a r e  g a s e s ,  
m e th y l  h a l i d e s ,  cyanogen h a l i d e s ,  hydrogen  h a l i d e s  and e t h y l  
h a l i d e s ,  t h e  h a l i d e s  b e i n g  CJL, Br and I .  T h i s  i s  t h e  s u b j e c t  o f  
C h a p te r  I I .
Whi le  i n v e s t i g a t i n g  th e  ns Rydberg bands  i n  t h e  v a r i o u s  
m o l e c u le s  t h e  s p l i t t i n g  be tw een  s p i n  o r b i t  coup led  s t a t e s  was 
o b s e rv ed  t o  i n c r e a s e  a t  low er  e n e r g i e s .  The e f f e c t  was g r e a t e s t  
p e r c e n t a g e w i s e  i n  t h e  CJL c o n t a i n i n g  m o l e c u l e s  and l e a s t , o r  
n o n e x i s t e n t ,  i n  t h e  i o d i n e  c o n t a i n i n g  m o l e c u l e s .  Such an  e f f e c t  i s  
c h a r a c t e r i s t i c  o f  a g r a d u a l  d e p a r t u r e  from ( ^ cQ re ,u j ) - c o u p l i n g  t o ­
w ards  ( A , £ ) - c o u p l i n g .  T h i s  phenomenon i s  used t o  c o n f i rm  a s s i g n ­
ments  o f  l s ^  and l s ^  Rydberg t r a n s i t i o n s  f o r  a v a r i e t y  o f  mono­
h a l i d e s  and t o  r e a s s i g n  t h e  I S 2  Rydberg t r a n s i t i o n  o f  CĤ CjG.
The m e r c u r i c  h a l i d e s  a r e  i n v e s t i g a t e d  i n  C h ap te r  IV 
and Rydberg a s s ig n m e n t s  o f  m e r c u r i c  h a l i d e s  a r e  g i v e n  f o r  t h e  f i r s t  
t i m e .  The c o r r e l a t i v e  method o f  C h a p t e r  I I  was used  f o r  t h e  a n a l y s i s .  
A com ple te  scanned s p e c t r a  o f  e a c h  of  t h e  t h r e e  s a l t s  (H gl2 ,
HgBr2 and HgCX2) i s  a l s o  p r e s e n t e d  f o r  t h e  f i r s t  t i m e .
C h a p te r  V d e a l s  w i t h  t h e  u l t r a v i o l e t  s p e c t ru m  o f  th e  
t h r e e  m e r c u r i c  h a l i d e s  i n  gas  and s o l u t i o n  p h ase  and two cadmium 
h a l i d e s  (C d l2 and C d B r ^  i n  s o l u t i o n  p h a s e .
I n  summary, t h i s  work c o n t a i n s  a s im p le  and n o v e l  method 
f o r  a s s i g n i n g  Rydberg  t r a n s i t i o n s  w h ich  h a s  no d i r e c t  r e l i a n c e  on 
t h e  t r a d i t i o n a l  Rydberg e q u a t i o n .  The method i s  t h e n  used t o  
a s s i g n  Rydberg t r a n s i t i o n s  i n  me thy l  and m e r c u r i c  h a l i d e s .  From 
t h e  I s  a s s i g n m e n t s  i n  t h e  m e th y l  h a l i d e s  come t h e  o b s e r v a t i o n  o f  
a n  a p p a r e n t l y  i n c r e a s e d  s p i n - o r b i t  s p l i t t i n g  which  i s  i n v e s t i g a t e d .  
The UV p o r t i o n  o f  t h e  s p e c t r a  o f  m e r c u r i c  h a l i d e s  i n  i n c l u d e d  f o r  
c o m p l e t e n e s s .
REFERENCES
Hj.  C. P r i c e ,  J .  Chem. P h y s . .  4 ,  5 3 9 (1 9 3 6 ) .
^R. S. M u l l i k e n ,  Phys .  Rev. .  61 277(1942)  ; Phys .  Rev. .
47 ,  4 1 3 (1 9 3 5 ) .
3K. W ie lan d ,  Z. P h y s i k . 76,  801(1932) .
4K. W ie land ,  Z. P h y s i k . 72,  157 (1932) .
3von R. Rouf and W. D. T r e a d w e l l ,  H e lv .  Chim. A c t a . .
37,  1941 (1954) .
M. W e h r l i ,  N a t u r w i s s . 2 5 . 734 (1937 ) .
7M. W e h r l i ,  H e lv .  P hys .  A c t a . .  11,, 339 (1938) .
3H. Sponer  and E. T e l l e r ,  J .  Chem. P hys . .  3 8 2 (1939 ) .
^M. W e h r l i ,  H e lv .  Phys.  A c t a . .  13 , 153 (1940) .
10H. Sponer  and E. T e l l e r ,  Rev. Mod. P h y s . .  13,  7 5 ( 1 9 4 1 ) .
11
G. W. King and A. W. R i c h a r d s o n ,  J .  Mol.  S p e c t r o s c . .  2 1 ,
3 3 9 (1 9 6 6 ) .
33W. C. P r i c e ,  P ro c .  Royal  Soc.  (London) .  A167. 2 16 (1938 ) .
^3R. A. Bosch i  and D. R. S a la h u b ,  Mol. P h y s i c s . 24 , 2 8 9 (1972) .
^4W. C. P r i c e ,  J .  Chem. P h y s . .  4,  547 (1936) .
^ H .  J .  M ar ia ,  J .  L. Meeks,  P. Hochmann, J .  F.  A r n e t t  and
S. P. McGlynn, Cham. Phys .  L e t t e r s . 19 . 3 09 (1973 ) .
CHAPTER I I .
LOW-ENERGY RYDBERG TRANSITIONS IN METHYL HALIDES
7
INTRODUCTION
A s t a n d a r d  p r o c e d u r e  f o r  t h e  a s s ig n m e n t  o f  UV and VUV
s p e c t r a l  bands  i n t o  Rydberg  s e r i e s  c o n s i s t s  o f  f i t t i n g  th e  band
1
f r e q u e n c i e s  t o  t h e  e q u a t i o n
v ( I )  = I  -  R / (n  - 6 ) 2 .......... 1
“ Of nry
I n  t h i s  e q u a t i o n ,  v ( I )  i s  the  f r e q u e n c y  of  t h a t  band w h ich  i sn o'
t h o u g h t  t o  be t h e  n*" member o f  t h e  Rydberg s e r i e s  w h ich  con­
v e r g e s  on th e  s p e c i f i c  i o n i z a t i o n  l i m i t  I ;  R i s  th e  Rydberg c o n s t a n t  
and 6 i s  an  a p p r o p r i a t e l y  i d e n t i f i e d  quantum d e f e c t .  A number o f  
c o n v e n t i o n s  e x i s t  f o r  f i x i n g  the  lo w es t  v a l u e  of  t h e  ru n n in g  in d e x ,  
n ,  o f  Eq.  1.  F o r  r e a s o n s  w hich  w i l l  be g iv e n  l a t e r ,  we choose n -  1 
f o r  t h e  l o w e s t - e n e r g y  member w hich  any  s e r i e s  can  e x h i b i t ,  r e g a r d l e s  
o f  t h e  n a t u r e  o f  t h e  s e r i e s  o r  o f  t h e  e n t i t y ,  a to m ic  o r  m o l e c u l a r ,  
w h ich  d i s p l a y s  i t .
S in c e  o u r  c o n c e r n s  h e r e  a r e  l a r g e l y  m o l e c u l a r ,  we w i l l ,
f o r  t h e  sake  o f  s i m p l i c i t y ,  assume t h a t  v ( I )  i s  t h e  e n e r g y  o f  t h e
nrY
"vibrationless" (i.e., 0 , 0 )  band; in this case I  -  lim v (I)no-n -* 00
becomes t h e  s p e c t r o s c o p i c  v a l u e  o f  t h e  m o l e c u l a r  i o n i z a t i o n  p r o c e s s
2
w h ic h  g e n e r a t e s  a " v i b r a t i o n l e s s "  c a t i o n i c  s t a t e .
To u t i l i z e  Eq.  1,  i t  i s  u s u a l l y  n e c e s s a r y  t o  impose some 
p l a u s i b l e  r e s t r i c t i o n s  on t h e  v a r i a t i o n  o f  6̂  w i t h i n  any g iv e n
s e r i e s .  I t  i s  common t o  assume t h a t  6 i s  a c o n s t a n t  f o r  any
no-
s e r i e s  : 6 = 6 ^ ^ ;  i n  t h i s  c a s e ,  t h e  b u s i n e s s  o f  c l a s s i f i c a t i o n
nrv o'
becomes a s e a r c h  f o r  bands  whose f r e q u e n c i e s  f i t  a t w o - p a r a m e te r
v e r s i o n  o f  Eq.  1 ,  and en d s  w i t h  t h e  d e t e r m i n a t i o n ^  o f  I  and 6 ^ .n * a
However,  b o t h  t h e  a v a i l a b l e  e x p e r i m e n t a l  d a t a  and t h e o r e t i c a l  
c o n s i d e r a t i o n s  i n d i c a t e  t h a t  t h e  quantum d e f e c t  i s  n o t  a c o n s t a n t  
e v e n  w i t h i n  a s e r i e s  o f  u n p e r t u r b e d  Rydberg s t a t e s . ' * '  I n  p a r t i c u l a r ,  
t h e  l o w e r - e n e r g y  s e r i e s  members o f t e n  e x h i b i t  s i g n i f i c a n t  d e v i a t i o n
from t h e  f r e q u e n c i e s  computed u s in g  Eq. 1 i n  c o n j u n c t i o n  w i t h  an
- ( 0) a v e r a g e  o
a
The s i t u a t i o n  may be r e m e d ie d ,  a t  l e a s t  p a r t i a l l y ,  by
i n t r o d u c i n g  a s p e c i f i c  " n - d e p e n d e n c e "  i n t o  6 . The e m p i r i c a lryn
e q u a t i o n  o f  R i t z  and H i c k s , ^  6 = 6 ^ ^  + 6 ^ ^ / n  + 6 ^ V n ^ . . . ,
n o  o- n- o'
(  * \
where t h e  v a r i o u s  6 a r e  c o n s t a n t s  w i t h i n  a g iv e n  s e r i e s ,  i s
a
an  exam ple .  T h i s  a p p r o a c h ,  however ,  i n c r e a s e s  t h e  number o f  
unknown p a r a m e t e r s  i n  Eq. 1 and a s a f e  a n a l y s i s  can  be e s s a y e d  
o n l y  i f  th e  a v a i l a b l e  d a t a  c o n s i s t s  o f  n e a r l y  com ple te  s e t s  
o f  r e l a t i v e l y  l o n g  band s e r i e s . ^  The m a j o r i t y  o f  m o l e c u le s  does  no t  
y i e l d  such  s p e c t r a :  o n l y  a sm a l l  number o f  maxima may be d i s ­
p la y e d  and t h e  band maxima, b e in g  c o m p o s i t e ,  may n o t  have  a 
c l e a r l y  d e f i n e d  mean ing .  F o r  s uch  s p e c t r a ,  t h e  o n l y  m e a n in g fu l  
v e r s i o n  o f  Eq. 1 i s  t h e  tw o - p a r a m e te r  f o r m a t .  U n f o r t u n a t e l y ,  
one must  e x p e c t  t h a t  t h i s  v e r s i o n  w i l l  r e p r o d u c e  p o o r l y  th e  f r e ­
q u e n c i e s  o f  t h e  lower  Rydberg members and t h a t  i t s  use may l e a d  
t o  e r r o n e o u s  a s s i g n m e n t s .
Some means f o r  t h e  i d e n t i f i c a t i o n  of  l o w e r - e n e r g y  Rydberg 
members,  a means i n d e p e n d e n t  o f  t h e  d i r e c t  u se  o f  Eq. 1,  i s  r e q u i r e d .  
The r e g u l a r i t i e s  o f  t h e  Rydberg s p e c t r a  o bse rved  when s e r i e s  of  
c l o s e l y - r e l a t e d  m o l e c u le s  a r e  compared a p p e a r  p ro m is in g  i n  t h i s  
r e g a r d ^  b e c a u s e  t h e y  i n d i c a t e  t h e  e x i s t e n c e  o f  r e l a t i v e l y  s im p le  
c o r r e l a t i o n s  be tw een  t h e  f r e q u e n c i e s  o f  Rydberg bands .  However, 
t h e  use  o f  i n t e r m o l e c u l a r  c o r r e l a t i o n s  t o  u n t a n g l e  complex 
s p e c t r a  i m p l i e s  two c r i t i c a l  s t e p s :  ( i )  A p r o p e r  s p e c i f i c a t i o n  
o f  t h e  c o n c e p t  o f  r e l a t e d n e s s  o f  a g roup  o f  m o l e c u l e s ;  and 
( i i )  The s e l e c t i o n  o f  a s u i t a b l e ,  m o l e c u le - d e p e n d e n t  p a r a m e t e r  
w hich  r a n k s  m o l e c u l e s  w i t h i n  t h e  g roup and ,  t h e r e b y ,  
assumes  t h e  r o l e  o f  t h e  in d e p e n d e n t  v a r i a b l e  w i t h  r e s p e c t  t o  th e
6c o r r e l a t i v e  s t u d y .  As an example  o f  t h i s  s o r t  o f  a p p ro a c h ,  Robin
found t h a t  t h e  t e rm  v a l u e s ,  T ( I )  -- I  -  v ( I ) ,  o f  t h e  l o w e s t -’ n« nr* *
e n e r g y  Rydberg t r a n s i t i o n  o f  a s e r i e s  of a l k y l  homologs were a 
smooth f u n c t i o n  o f  th e  number o f  ( o r  iCHj) g ro u p s  i n  t h e
-j
a l k y l  c h a i n .  S i m i l a r l y ,  Maria e t  al_. ,  have shown, f o r  two d i f f e r ­
e n t  g r o u p s  o f  r e l a t e d  m o l e c u l e s ,  t h a t  t h e r e  i s  s i g n i f i c a n t  
l i n e a r  c o r r e l a t i o n  be tween  th e  f r e q u e n c i e s  o f  the  lo w e r - e n e r g y  
Rydberg t r a n s i t i o n s  and th e  c o r r e s p o n d i n g  i o n i z a t i o n  p o t e n t i a l s ,  
t h a t  i s
v ( I )  -  A I  + B
ncv nr* nr*
These  l a t t e r  r e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  s l o p e s  A and t h ena
i n t e r c e p t s  BnQ? a r e  c h a r a c t e r i s t i c  f o r  a g i v e n  g roup  o f  r e l a t e d  
m o l e c u le s  and t h a t ,  w i t h i n  t h e  g ro u p ,  t h e y  depend on  t h e  n a t u r e
o f  t h e  i o n i z a t i o n  p o t e n t i a l  ( i . e . ,  on w h e th e r  t h e  e l e c t r o n  l o s t  i s  
n ,  tt, e t c . )  a s  w e l l  a s  on t h e  n a t u r e  o f  t h e  t e r m i n a l  Rydberg
o r b i t a l  ( i . e . ,  w h e t h e r  s ,  p ,  d ,  e t c . ) .
We w i l l  show t h a t  t h e  c o r r e l a t i o n s  of  Eq. 2 ,  when com­
b in e d  w i t h  e s t i m a t e s  o f  A and B o b t a i n e d  from r a r e - g a s  d a t a ,net' n »  & >
p r o v i d e  an  unambiguous a s s ig n m e n t  of  t h e  l o w - f r e q u e n c y  Rydberg 
t r a n s i t i o n s  o f  th e  m e thy l  h a l i d e s  CH^X, X = C£} Br and I .  We
w i l l  a l s o  show t h a t  t h e  t e c h n i q u e  i s  a p p l i c a b l e  t o  a g r e a t
v a r i e t y  o f  o t h e r  h a l i d e  s p e c i e s .
RYDBERG TRANSITIONS IN METHYL HALIDES AND
RARE GASES
The VUV a b s o r p t i o n  s p e c t r a  o f  t h e  m e th y l  h a l i d e s ,  a t  
medium r e s o l u t i o n ,  a r e  shown i n  F i g u r e s  1,  2 and 3.  These s p e c t r a  
e x h i b i t  a r i c h  band s t r u c t u r e  i n  t h e  r e g i o n  e x t e n d i n g  t o  th e  f i r s t  
two i o n i z a t i o n  l i m i t s ,  I ( ^ E ^ )  and I^E-j^)  • T h i s  s t r u c t u r e ,  t a k e n  
t o g e t h e r  w i t h  v a r i o u s  p a r t i a l  a s s ig n m e n t s  a l r e a d y  a v a i l a b l e  i n  the  
l i t e r a t u r e ,  makes t h e s e  s p e c t r a  an  a p t  t e s t  o f  t h e  c o r r e l a t i o n  
a p p r o a c h  o f  Eq. 2.
0
W. C. P r i c e  f i r s t  r e c o g n i z e d  th e  Rydberg n a t u r e  o f  
t h e  VUV bands  o f  CH^X m o l e c u l e s .  Using Eq.  1, he  a s s i g n e d  many 
o f  t h e  h i g h - f r e q u e n c y  bands  and e s t i m a t e d  t h e  c o r r e s p o n d i n g  i o n i ­
z a t i o n  p o t e n t i a l s .  The lo w -e n e rg y  VUV r e g i o n  was i n v e s t i g a t e d  
9
by  M u l l i k e n  who i n t e r p r e t e d  many of t h e  bands  t h e r e i n  i n  t e rm s
o f  Rydberg t r a n s i t i o n s  and a l s o  p ro v id e d  a m o l e c u l a r  o r b i t a l
d e s c r i p t i o n  o f  Rydberg  p r o c e s s e s .  More r e c e n t l y ,  Bosch i  and
S a l a h u b ^  have e x t e n d e d  th e  P r i c e  a s s i g n m e n t s  t o  l o w e r - e n e r g y
11f o r  CH^I and R u s s e l l  e£  aj . .  have i d e n t i f i e d  s e v e r a l  o f  t h e
l o w e s t - e n e r g y  Rydberg f e a t u r e s  i n  t h e  CH^Cf. sp e c t ru m .
9
A cco rd in g  t o  M u l l i k e n ,  t h e  Rydberg bands  o f  CH^X 
m o l e c u l e s  r e s u l t  from e x c i t a t i o n  o f  an  e l e c t r o n  from t h e  non­
bond ing  d e g e n e r a t e  pe o r b i t a l  l o c a l i z e d  on t h e  h a l o g e n  atom, 
i n t o  a v i r t u a l ,  q u a s i - a t o m i c  o r b i t a l  which  i s  a l s o  h e a v i l y  
c e n t e r e d  on t h e  h a l o g e n .  M u l l ik e n  a l s o  p o i n t e d  o u t  a s t r o n g
Figure 1: Vapor phase absorption spectrum of methyl iodide.
The p o s i t i o n s  of  a s s i g n e d  Rydberg bands  a r e  i n d i c a t e d  
below the  sp ec t ru m  by v e r t i c a l  l i n e s ;  long  l i n e s  
c o r r e s p o n d  t o  s - b a n d s ,  medium l e n g t h  l i n e s  t o  p -bands  
and s h o r t  l i n e s  to  d - b a n d s .  The i n t e g e r s  a d j a c e n t  t o  
th e  l i n e s  a r e  th e  v a l u e s  o f  th e  in d e x  n o f  Tab le  IV.
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F ig u r e  2 :  Vapor p h ase  a b s o r p t i o n  sp ec tru m  of m e thy l b rom ide .
The p o s i t i o n s  o f  a s s ig n e d  Rydberg bands a r e  i n d i c a t e d  
below t h e  sp e c tru m  by v e r t i c a l  l i n e s ;  lo n g  l i n e s  
c o r re s p o n d  to  s - b a n d s ,  medium le n g th  l i n e s  t o  p -b an d s  
and s h o r t  l i n e s  to  d -b a n d s .  The i n t e g e r s  a d j a c e n t  to  
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F ig u r e  3 : Vapor p h ase  a b s o r p t i o n  sp e c tru m  o f  m e thy l c h l o r i d e .
The p o s i t i o n s  o f  a s s ig n e d  Rydberg bands  a r e  i n d i c a t e d  
below  th e  sp ec tru m  by v e r t i c a l  l i n e s ;  lo n g  l i n e s  
c o r re s p o n d  t o  s - b a n d s ,  medium l e n g t h  l i n e s  t o  p -bands  
and s h o r t  l i n e s  t o  d -b a n d s .  The i n t e g e r s  a d j a c e n t  t o  
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t e n d e n c y  tow ard  ( ^ c o r e > u>) c o u p l in g  i n  t h e  Rydberg s t a t e s  o f  CH3X 
m o le c u le s .  I n  te rm s  o f  e l e c t r o n i c  c o n f i g u r a t i o n s ,  t h i s  d e p i c t i o n  
i s
a ^ ,  p e 4 ; ^  -  (a2 , p e 3 ; \ y 2 ) nX; T   3
af, P e 4 ; \  - (wf, p e 3 ; ) nX; T  3 '
w here  i s  t h e  h i g h e s t  e n e rg y  o cc u p ie d  a  MO o f  p t y p e ;  nX d e n o te s  th e
v i r t u a l  q u a s i - a t o m ic  o r b i t a l  w h ich  t r a n s f o r m s  a s  th e  X*"*1 i r r e d u c i b l e
r e p r e s e n t a t i o n  o f  C3 v ; and T d e n o te s  th e  i r r e d u c i b l e  r e p r e s e n t a t i o n
f o r  w h ich  t h e  s t a t e  i n  q u e s t i o n  c o n s t i t u t e s  a b a s i s .
E x c lu d in g  h e l iu m ,  th e  Rydberg s e r i e s  o f  th e  r a r e  g a s e s
2
w hich  converge  on th e  f i r s t  two i o n i z a t i o n  l i m i t s ,  I (  ^2 / 2  ̂  and
2 12 
I (  Po s s e s s  an  o r b i t a l  d e s c r i p t i o n  q u i t e  an a lo g o u s  to
Eq. 3
P 6 ; 1s -  (P 5 ; 2 P y 2) n£ , r   4
p 6 ; XS -  ( p 5 ; 2P 1 / 2 ) nX, r   4 '
w here p d e n o te s  t h e  h i g h e s t - e n e r g y  f i l l e d  p-AO o f  t h e  ground
t hc o n f i g u r a t i o n ;  nSL d e n o te s  th e  n v i r t u a l  a to m ic  o r b i t a l  w i th  
= s ,  p ,  d ,  . . . ;  and T i s  an  a p p r o p r i a t e  sy m b o lic  f o r  t h e  a to m ic  
e x c i t e d  s t a t e .
The v e r y  s h o r t  v i b r a t i o n a l  p r o g r e s s i o n s  o b se rv ed  i n  th e
Rydberg s p e c t r a  o f  th e  m e thy l h a l i d e s ,  t h e  c o in c id e n c e  o f  v e r t i c a l  
and a d i a b a t i c  e x c i t a t i o n  e n e r g i e s ,  and th e  v e r y  s t r i k i n g  s i m i l a r i t i e s  
b e tw een  t h e  m e th y l  h a l i d e s  and a l l  o t h e r  m o noha lide  s p e c t r a  i n d i c a t e  
t h a t  t h e  pe and n \  MO's p o s s e s s  a n o n -b o n d in g  c h a r a c t e r  and a r e  
h i g h l y  l o c a l i z e d  on th e  h a lo g e n  c e n t e r s .  G iven  t h i s  q u a s i - a t o m ic  
n a t u r e  o f  fSe and rik MD's a s  w e l l  a s  t h e  a n a lo g o u s  s t r u c t u r e  o f  th e  
c o n f i g u r a t i o n s  o f  th e  e x c i t a t i o n s  3 and 4 , i t  f o l l o w s  t h a t  one 
m ig h t  e x p e c t  some s i m i l a r i t y  be tw een  th e  g r o s s  te rm  s p e c t ru m  o f  
Rydbergs i n  th e  m e th y l h a l i d e s  and th e  r a r e  g a s e s .  Such s i m i l a r i t i e s  
do e x i s t  and have been  n o te d  by some a u t h o r s . *■"* However,
t h e  d e t a i l e d  s t r u c t u r e  and te rm  v a l u e s  o f  th e  l e v e l s  w h ich  a r i s e  
from  th e  e x c i t a t i o n s  3 and 4 a r e  f u n c t i o n s  o f  th e  symmetry o f  th e  
c h a rg e  on th e  Rydberg chromophore ( i . e . ,  r a r e  g as  o r  h a lo g e n  
a to m ) ,  and o f  s u b s t i t u e n t  e f f e c t s  an d ,  a s  a r e s u l t ,  any  d i r e c t  
c o m p ar iso n  o f  th e  o b se rv ed  te rm  v a l u e s  grows n e b u lo u s .  I n  o r d e r  
t o  c i rc u m v e n t  t h i s  d i f f i c u l t y ,  we make th e  f o l l o w i n g  a s s u m p t io n s :
( a )  The d i f f e r e n c e s  i n  th e  p a t t e r n  o f  te rm  v a l u e s  
caused  by d i f f e r e n t  sy m m e tr ie s ,  t r i g o n a l  and s p h e r i c a l ,  may be 
a v o id e d ,  i n  p a r t  a t  l e a s t ,  by  com paring "sym m etry a v e ra g e d "  
v a l u e s  o f  te rm  v a l u e s  o r  t r a n s i t i o n  f r e q u e n c i e s .
(b )  The d i f f e r e n c e  o f  n u c l e a r  c h a rg e  on c e n t r a l  atom s 
( i . e . ,  h a lo g e n s  and r a r e  g a s e s )  and th e  p r e s e n c e  o f  s u b s t i t u e n t s  
(CH^-  i n  t h e  c a s e  of m e thy l h a l i d e s )  p ro d u ce  changes  o f  t r a n s i t i o n  
f r e q u e n c i e s  w h ich  a r e  c a l i b r a t e d * -̂  by c o r r e s p o n d in g  changes  o f  
i o n i z a t i o n  p o t e n t i a l s .
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A ssum ption  (b )  im p l i e s  t h a t  t h e  i o n i z a t i o n  p o t e n t i a l s  gauge th e
—5 2 —5 2
p o t e n t i a l  o f  t h e  a to m ic  c o re  ( i . e . ,  p ; P 3 / 2  o r  p » Fl / 2 ^  o r
th e  m o le c u la r  c o re  ( i . e . ,  a ^ ,  p e ^ ;  ^Ej/2 o r  ^\/2)
w h ich  th e  Rydberg e l e c t r o n ,  nSL o r  nX, m oves. C o n s e q u e n t ly ,
a n a lo g o u s  Rydberg t r a n s i t i o n s  i n  th e  r a r e  g a s e s  and m e th y l h a l i d e s
sh o u ld  fo l lo w  th e  same c o r r e l a t i v e  d e p e n d e n c ie s  ( i . e . ,  Eq. 2 ) .
A ssum ption  ( a )  th e n  im p l ie s  t h a t  symmetry d i f f e r e n c e s  c o n s t i t u t e
a sm a l l  p e r t u r b a t i o n  i n  t h e  ca se  o f  Rydberg s t a t e s  and t h a t  th e
f r e q u e n c i e s  o f  t h e  e x c i t a t i o n s  4 — a v e ra g e d  o v e r  T f o r  f i x e d  c o r e  and
n !L — p e rm it ,  v i a  Eq. 2 ,  th e  i n t e r p o l a t i o n  o f  th e  f r e q u e n c i e s
a p p r o p r i a t e  t o  th e  e x c i t a t i o n s  3.
RARE GAS CORRELATION LINES
The r e l a t i o n s h i p  be tw een  th e  in d e x  n  used  i n  e x p r e s s i o n s  
1 th r o u g h  4 and th e  p r i n c i p a l  quantum number o f  t h e  " a u f - b a u "  
n o t a t i o n ,  must be e l a b o r a t e d .  The h i g h e s t - e n e r g y  o ccu p ied  
o r b i t a l ,  p o f  t h e  e x c i t a t i o n s  4 ,  c o r r e s p o n d s  t o  t h e  AO mp, w here 
m = 2 , 3 , . . . ,  6 i n  t h e  seq u en ce  Ne, A r, . Rn, .  In  t h i s  
s t a n d a r d  s y m b o lic ,  e x p r e s s i o n  4 becomes
6  i 5 K  \mp ; S -* (mp ; P3 / 2 )
6 1 ,  5 2_, .mp ; S -» (mp ;
w here  m + i  i s  t h e  p r i n c i p a l  quantum  number o f  th e  v i r t u a l  AO
o f  a n g u l a r  momentum Z. The lo w e s t  v a l u e  o f  i ,  i g ,  f o r
& = 0 ,  1 , 2 and 3 i n  t h e  sequence  Ne, A r, . . . ,  Rn i s  g iv e n  i n
T a b le  I .  The in d e x  n i s  th e n  d e f in e d  a s  n = i  -  i ^  + 1. The
in d e x  a  w hich , i n  E q 's  1 and 2, d i s t i n g u i s h e s  d i f f e r e n t  s e r i e s
w i t h  t h e  same l i m i t  can be i d e n t i f i e d ,  f o r  t r a n s i t i o n s  g iv e n
by 4 o r  5 , a s  th e  p a i r  (£ ,  T ) . C o n s e q u e n t ly ,  we assume t h a t  th e
f i r s t  Rydberg member o f  any  s e r i e s  i n  t h e  r a r e  g a s e s  i s  t o  be
a s s o c i a t e d  w i t h  t h e  e x c i t a t i o n  o f  a n  e l e c t r o n  i n t o  th e  lo w e s t -
e n e rg y  o r b i t a l  o f  a n g u l a r  momentum Z w h ich  i s  f o r m a l ly  unoccup ied
i n  t h e  g round s t a t e .
The c o r r e l a t i o n s  o f  i n t e r e s t  w ere  th o s e  be tw een  th e  
2 2
i o n i z a t i o n  p o t e n t i a l s  I (  P 3 / 2 ) ant* ^1 /2 ^  an<* t *le e n e r Sy
(m + i )  Z; T
(m + i )  Z; F . . . .  .5
TABLE I.





jM ) i=l J0=2 X=3
Ne 2 1 1 1 2
Ar 3 I 1 0 1
Kr 4 1 I 0 0
Ke 5 1 1 0 - I
Rn 6 1 1 0 - I
t h e  t r a n s i t i o n s  4 and 4 ' ,  r e s p e c t i v e l y ,  w i t h  f i x e d  n£ and a l l  p o s -
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s i b l e  T ' s .  E x p e r im e n ta l  d a t a  w ere t a k e n  from  M o o re 's  T a b l e s .  *
The c o r r e l a t i o n s  w ere  found t o  be s i g n i f i c a n t l y  l i n e a r  and b o th  
s e t s  o f  t r a n s i t i o n s ,  4 and 4 ' ,  r e q u i r e d  an  i d e n t i c a l  p a r a m e t e r i z a t i o n  
o f  Eq. 2 .  The l e a s t - s q u a r e s  s lo p e s  and i n t e r c e p t s  f o r  t r a n s i t i o n s  
w i t h  s ,  p ,  and d t e r m i n a l  o r b i t a l s  and n = 1 , . . . ,  5 a r e  g iv e n  i n  
T a b le  I I .  Because o f  th e  a v e r a g in g  o v e r  T, th e  v a r i a n t  o f  Eq. 2 
w h ich  i s  d e s c r i p t i v e  o f  T ab le  I  d a t a  h as  s i m p l i f i e d  i n  t h a t  th e  
symbol a  i s  r e p l a c e a b l e  by H.
W hile a v a r i a t i o n  o f  vnQf( I )  w i t h  I  i s  d i r e c t l y  p r e ­
d i c t a b l e  from  th e  Rydberg e x p r e s s io n  o f  Eq. 1 , th e  te rm  v a l u e s  
re m a in  u n r e l a t e d  t o  i o n i z a t i o n  e n e r g i e s .  The n o n - t r i v i a l  r e s u l t  
o f  T ab le  I I  i s  t h a t  t h e r e  e x i s t s  a s i g n i f i c a n t  l i n e a r i t y  be tw een
th e  te rm  v a l u e s ,  T ( I )  and I .  A c o m b in a t io n  o f  E q 's  1 and 2
* no- ^
y i e l d s
T ( I )  s  I  -  v ( I )  = (1 -  A ) I  -  B  6n<y ncv n$ no?
D e s p i te  th e  s m a l ln e s s  o f  th e  s lo p e s  (1 -  A ) ,  t h e  c o r r e l a t i o n s  o f  Eq.
n a
6 a c c o u n t  f o r  some 90% o f  th e  te rm  v a lu e  v a r i a t i o n s  f o r  t h e  r a r e  g a s e s .  
Thus, f o r  th e  Rydberg t r a n s i t i o n s  o f  th e  r a r e  g a s e s  w i t h  n  = 1 and
JL = 0 ,  t h e  v a l u e s  o f  T^g v a r y  o v e r  a ra n g e  o f  ~10kK w h e re a s  th e
r e s i d u a l  d e v i a t i o n s  o f  t h e s e  same v a l u e s  o f  T, from  th e  c o r r e -l s
l a t i o n s  o f  Eq. 6 do n o t  exceed  lkK.
TABLE I I .
PARAMETERS FOR THE RARE GAS CORRELATION LINES 






np A ^ nd Bnd
1 0 .9 0 0 - 2 1 .2 3 0 .9 4 0 - 1 3 .4 7 1 .0 5 4 -2 1 .5 4
2 0 .9 6 4 - 8 .9 2 0 .979 - 7 .4 0 1.021 -1 0 .5 9
3 0 .9 8 6 - 5 .6 8 0 .9 9 0 - 4 .6 4 1 .0 1 0 - 6 .2 3
4 0 .9 9 3 -3 .7 7 0 .9 9 5 - 3 .3 3 1 .0 0 3 - 3 .7 4
5 0 .9 9 6 -2 .6 9 0 .997 - 2 .3 5 1 .003 - 2 .8 6
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LOW-ENERGY RYDBERG TRANSITIONS IN 
METHYL HALIDES
The nX o r b i t a l  o f  t r a n s i t i o n s  3 and 3* i s  t a k e n  t o  be an  
rx!> r a r e  g a s  AO w h ich  i s  symmetry a d a p te d  to  sh ru n k  o r  expanded
by  n u c l e a r  c h a rg e  changes  on th e  p a r e n t a l  h a lo g e n  c e n t e r ,  and d i s ­
t o r t e d  by s u b s t i t u e n t  e f f e c t s .  G iven su ch  r e l a t e d n e s s  o f  th e  r a r e  
g a s  and h a l i d e  R ydberg o r b i t a l s  and th e  d i s c u s s i o n  o f  th e  p r e c e d in g  
s e c t i o n ,  we e x p e c t  th e  e n e r g i e s  o f  th e  t r a n s i t i o n s  3 and 3 '  t o  e x h i b i t  
a  c o n s i d e r a b l e  d e g re e  o f  a d h e re n c e  to  th e  r a r e  g as  c o r r e l a t i o n  l i n e s ,
v = A I  + B , p r o v id i n g  t h a t  th e  a p p r o p r i a t e  m o le c u la r  i o n i -no' n<y nor
z a t i o n  p o t e n t i a l s  a r e  u s e d .  C o n s e q u e n t ly ,  th e  f o l lo w in g  t a c t i c a l
a p p ro a c h  t o  t h e  a s s ig n m e n t  o f  lo w -e n e rg y  Rydberg bands  was adop ted
f o r  m e th y l  h a l i d e s :  The e n e r g i e s  o f  a l l  o f  th o s e  bands  w h ich  were
s u s p e c te d  t o  be R ydberg members w ere  p l o t t e d  a g a i n s t  t h e  e x p e r i -
2 2
m e n ta l  v a l u e s  o f  I (  and K  El / 2  ̂ on a 8r a Ph w hich a l s o
c o n ta in e d  th e  r a r e  g as  c o r r e l a t i o n  l i n e s  o f  T a b l e I I ;  p o i n t s  w hich
f e l l  on o r  n e a r  t h e  c o r r e l a t i o n  l i n e s  A I  + B w ere  t e n t a t i v e l yncy n<y J
i d e n t i f i e d  a s  m o le c u la r  Rydberg t r a n s i t i o n s  whose t e r m i n a l  o r b i t a l  
nX was d e r i v a t i v e  o f  th e  r a r e  gas  nJL AO i n  th e  manner s p e c i f i e d  
a b o v e .
C e r t a i n  a m b i g u i t i e s  u s u a l l y  o c c u r  i n  such  a p ro c e d u re  and ,  
i n  o r d e r  t o  r e s o l v e  t h e s e ,  a number o f  o t h e r  c r i t e r i a  w ere  u se d :
  The Rydberg t r a n s i t i o n s  i n  m e thy l h a l i d e s  in v o lv e  s t r o n g l y
l o c a l i z e d  ( i . e . ,  n e a r l y  n o n -b o n d in g )  o r b i t a l s .  Such t r a n s i t i o n s  in d u c e  
v e r y  m in o r  changes  o f  g eom etry  and f o r c e  c o n s t a n t s , a n d  th e  most i n t e n s e  
v i b r o n i c  band i s  e x p e c te d  t o  be t h e  o r i g i n  ( i . e . ,  0 ,0 )  band .
C o n s e q u e n t ly ,  i n  c a s e s  o f  a m b ig u i ty ,  o n ly  th e  more I n t e n s e  bands 
w ere  c o n s id e r e d .
  Among d i f f e r e n t  m e th y l  h a l i d e s ,  i t  was r e q u i r e d  t h a t
a l l  bands  c l a s s i f i a b l e  a s  nX and o f  th e  same c a t i o n i c  s t a t e  p a r e n t a g e  
sh o u ld  e x h i b i t  d i s t i n c t  s i m i l a r i t i e s  ( o r  a r e g u l a r  v a r i a t i o n )  o f  
i n t e n s i t i e s ,  band e n v e lo p e s ,  and s p e c t r a l  s u r r o u n d in g s .
  I t  was supposed  t h a t  th e  m o le c u la r  bands  m igh t c o r ­
r e l a t e  more c l o s e l y  among th e m s e lv e s  th a n  th e y  would w i t h  th e  
a to m ic  d a t a .  Such a s e p a r a t e  c o r r e l a t i v e  b e h a v i o r ,  ev en  i f  o n ly  
s l i g h t l y  d i f f e r e n t  from  th e  a to m ic  one ,  m igh t p ro v id e  more 
p r e c i s i o n  i n  f i t t i n g  and m ight e l i m i n a t e  some a m b i g u i t i e s .
  Because o f  th e  h ig h  d e g re e  o f  ( ^ c o r e > “O c o u p l in g ,
t h e  t r a n s i t i o n s  3 and 3* w i t h  t h e  same nX sh o u ld  a p p e a r  i n  p a i r s
w i t h  a p p ro x im a te  s e p a r a t i o n  g iv e n  by th e  d o u b le t  s p l i t t i n g
2 2 +
I (  ~ *(  e 3 / 2  ̂ t *ie lo w e s t - e n e r g y  c o n f i g u r a t i o n  o f  CH^X .
C o r r e l a t i o n  p l o t s ,  drawn a s  s p e c i f i e d ,  a r e  g iv e n  i n  
F ig u r e s  4 and 5. For r e a s o n s  o f  c o n v e n ie n c e ,  th e  i o n i z a t i o n  
p o t e n t i a l s  w ere  p l o t t e d  a lo n g  th e  v e r t i c a l  a x i s .  The i o n i z a t i o n
O
p o t e n t i a l s  f o r  th e  m e th y l  h a l i d e s  w ere ta k e n  from  P r i c e .
F ig u r e s  4 and 5 a l s o  c o n t a i n  m e thy l h a l i d e  c o r r e l a t i o n  l i n e s ;  
t h e s e  a r e  s l i g h t l y  d i f f e r e n t  from  th e  r a r e - g a s  c o r r e l a t i o n  l i n e s  
o n ly  f o r  th e  f i r s t  two o r  t h r e e  Rydberg t r a n s i t i o n s  o f  lo w e s t  
e n e rg y  f o r  b o th  i o n i z a t i o n  p o t e n t i a l s .  The l e a s t - s q u a r e s  s lo p e s  
and i n t e r c e p t s  o f  th e  m e th y l h a l i d e  c o r r e l a t i o n  l i n e s  a r e  g iv e n  
i n  T a b le  I H .  The e n e r g i e s  o f  a l l  a s s ig n e d  bands  a r e  g iv e n  i n
TABLE HI.
PARAMETERS FOR THE METHYL HALIDE CORRELATION LINES3  
V  = Ani 1 +  BnA (v nX- 1  and Bn* l n  **=>
s P d
n Ans Bns Anp Bnp A ^ nd B ,nd
1 0 .9 5 -2 3 .9 6 0 .9 0 - 9 .9 5 1 .0 3 - 2 0 .1 3
2 1.07 - 1 8 .0 5 0 .9 9 - 8 . 2 1
3 0 .9 9 - 6 .0 9 0 .97 - 5 .1 5
4 0 .9 8 - 2 .6 0 0 .9 9 - 2 .4 5
5 0 .9 9 - 2 . 3 4
The c o r r e l a t i o n  l i n e  f o r  a l l  h a l i d e s  o f  F ig u r e  6  f o r  t h e  I s  Rydberg
i s  v l s = 0 .9 8 1  -  2 5 .8 1 .
r o
00
F ig u r e  4 : The c o r r e l a t i o n  be tw een  th e  e n e r g i e s  o f  I s ,  l p  and I d
Rydberg t r a n s i t i o n s  and 1^ and I  ̂ o f  t h e  m e th y l h a l i d e s .
The h o r i z o n t a l  l i n e s  d en o ted  by 1^ and ^  c o r re s p o n d
2
t o  t h e  m o le c u la r  i o n i z a t i o n  p o t e n t i a l s ,  l (  and
2
I (  E1/2 ) r e s p e c t i v e l y ,  f o r  th e  v a r i o u s  m o le c u le s .
The e x p e r im e n ta l  p o i n t s  f o r  CH^I a r e  shown by c i r c l e s ,  
f o r  CH^Br by s q u a r e s ,  and f o r  CĤ Cjfc by t r i a n g l e s .  The s o l i d  
l i n e s  a r e  th e  r a r e  gas c o r r e l a t i o n  l i n e s  o f  T ab le  
I I  and th e  dashed  l i n e s  a r e  th e  m e thy l h a l i d e  c o r r e ­
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F r e q u e n c y  ( k K )
F ig u r e  5: The c o r r e l a t i o n  be tw een  e n e r g i e s  o f  Rydberg t r a n s i t i o n s
t o  2 s ,  3 s ,  4 s ,  5 s ,  2p, 3p, 4p, 2d , 3d, and 4d v i r t u a l
o r b i t a l s  w i th  th e  i o n i z a t i o n  p o t e n t i a l s  1  ̂ and I ^ of
t h e  m e th y l  h a l i d e s .  The c o r r e l a t i o n  l i n e  f o r  th e
i o n i z a t i o n  l i m i t  i s  d en o te d  by I .  The h o r i z o n t a l
l i n e s  d e n o te d  by 1  ̂ and 1 ^ c o r re s p o n d  t o  th e  m o le c u la r
2 2i o n i z a t i o n  p o t e n t i a l s ,  I (  E 3 and I (  r e s p e c t i v e l y ,
f o r  th e  v a r i o u s  m o le c u le s .  The e x p e r im e n ta l  p o i n t s  
f o r  CH^I a r e  shown by c i r c l e s ,  f o r  CH^Br by s q u a r e s ,  
and f o r  CH^C-  ̂ by t r i a n g l e s .  The s o l i d  l i n e s  a r e  the  r a r e  
g as  c o r r e l a t i o n  l i n e s  o f  T ab le  I I  and th e  dashed  l i n e s  
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Frequency  ( k K )
U)
to
2 *T a b le IV  w here  th e  s e r i e s  c o n v e rg in g  to  1 ^ s  I (  an d
2
=  I (  a r e  deno tec* by sym bols and r e s p e c t i v e l y .
TABLE IV.
ENERGIES (cm"1) ,  ASSIGNMENTS AND OTHER CHARACTERISTICS OF THE LOW-ENERGY RYDBERGS OF THE METHYL HALIDES
[The values A = 0, 1, 2 correspond to  s ,p ,d . The number subscripts re fer  to the ion ization
2 2
l im its  on which the se r ie s  terminate: ^  = I (  and *2 = E3/2^* JS.* 2̂ and *21 =
~ \  are exPer*-mental  numbers and are quoted in  cm 1. The quantum d efects n j and n* are
obtained from Eq. 7. The quantity An* = n* ,, -  n* and An* = n* - n* ; in  some
J 1 1, n+1 I ,n  2 2 ,n+l 2, n’
cases where data i s  m issing, AnJ = nn+2 ~ nn* ^
(A) ch3i , METHYL IODIDE
n S1 S2 *21 n* n*2 An* An*
.1 49 702 54 645 4 943 2.01 2.00 ~ /V
2 64 683 69 784 5 101 2.99 3.00 0.99 1.00
3 70 225 75 131 4 906 4.05 4.00 1.05 1.00
4 72 674 77 700 5 026 5.08 5.06 1.03 1.06
5 73 910 78 989 5 079 6.03 6.05 0.95 0.99
00 76 930 81 990 5 060 /V /V rw
n P1 P2 *21 n * n* An* An*
1 58 893 63 980 5 087 2.47 2.47 ~
2 67 987 72 993 5 012 3.50 3.49 1.04 1.02
3 71 480 76 482 5 002 4.49 4.47 0.98 0.97
4 73 314 78 308 4 994 5.51 5.46 1.02 0.99
5 74 460 79 365 4 905 6.67 6.47 1.16 1.01
CD 76 930 81 990 5 060 ~ ~ ~ ~
n dl d2 A n* n2 An* An*
1 59 489 64 475 4 986 2.51 2.50 ~




(B) CH3 Br, METHYL BRCMIDE
n




1 56 062 59 207 3 145 1.95 1.97 f V AW
2 73 035 75 643 2  608 3.03 3 .04 1.08 1.07
3 77 985 80 548 2 563 3.95 3.96 0.92 0.92
4. 80 548 83 070 2 522 4 .95 4 .94 1 . 0 1 0.99
5 81 927 84 459 2 532 5.96 5.95 1 . 0 0 1.05
o o 85 020 87 560 2 540 AW / V / V AW
n




1 6 6  058 6 8  719 2  661 2.41 2.41 r w
2 75 872 7 8  431 2 559 3.46 3.47 1.06 1.05
3 79 554 82 1 0 2 2 548 4 .48 4 .48 1 . 0 2 1 . 0 2
4 81 300 83 977 2 677 5.43 5.53 0 .95 1.05
5 / V / V / V A / A /
0 0 85 020 87 560 2 540 r w a w AW A S
n d l d 2 A 2 1 nl n 2 An* An*
1 67 304 70 161 2 857 2.49 2.51 / V AW










i n2 An* An*
1 62 578 63 532 954 1.98 1.99 r v r v
2 79 271 79 872 601 3.13 3.12 1.14 1.12
3 83 682 84 317 635 4.01 4.00 0.89 0.88
4 / V 86 655 / V 4.93 r v 0.93
5 87 413 88 028 615 5.96 5.90 1.95 0.98
c 6 90 500 91 180 680 r v A T ~ r v
n P1 P2 A21 n l n2 An* An*
I 71 159 71 823 664 2.38 2.38 r v r v
2 81 500 82 041 638 3.49 3.47 1.11 1.08
3 84 962 r v r v 4.45 r v 0.96 r v
4 A / 87 413 r v r v 5.40 r v 1.93
5 r v r v A T r v r v r v / V





n* n *2 An* An*
1 / V 74 310 / V r v 2.55 r v r v
2 81 666 82 291 625 3.52 3.51 r v 0.96




H aving  made Rydberg a s s ig n m e n ts  by  a c o r r e l a t i v e  t e c h n iq u e ,  
we now i n v e s t i g a t e  w h e th e r  t h e s e  a s s ig n m e n ts  a r e  i n  a c c o rd  w i th  
t h e  Rydberg fo rm u la  o f  Eq. 1 . T ha t th e y  do a c c o rd  fo l lo w s  from  
i n s p e c t i o n  o f  th e  e f f e c t i v e  quantum numbers n * ;  t h e s e  a r e  g iv e n  by
V 1^   7
Assuming t h a t  t h e  quantum d e f e c t s  a r e  c o n s t a n t s ,  i t  f o l lo w s  from  
Eq, 1 t h a t  t h e  e f f e c t i v e  quantum numbers o f  c o n s e c u t iv e  members 
o f  any  s e r i e s  m ust d i f f e r  by u n i t y .  V a lues  o f  n*  and t h e i r  f i r s t  
d i f f e r e n c e s  a r e  g iv e n  i n  T ab le  IV. I n s p e c t i o n  o f  t h e s e  f i r s t  
d i f f e r e n c e s ,  An* and An*, i n d i c a t e s  t h a t  t h e  a s s ig n e d  band f r e ­
q u e n c i e s  a r e  i n  e x c e l l e n t  ag ree m en t w i t h  t h e  r e q u i r e m e n t s  o f  
Eq. 1. M oreover,  th e  i n c r e a s e  o f  n * ^  i n  t h e  sequence  a - s >P»d 
i s  i n  a g ree m en t  w i th  commonly a c c e p te d  i d e a s  a b o u t  t h e  d e c r e a s i n g  
d e g re e  o f  p e n e t r a t i o n  o f  AO's w i th  t h e  i n c r e a s i n g  m a g n itu d e  o f  
t h e i r  o r b i t a l  momentum.
The v a l u e s  o f  n *  f o r  f i x e d  no , a s  shown i n  T ab le  4 , n a
a r e  e s s e n t i a l l y  i d e n t i c a l  f o r  a l l  m e th y l  h a l i d e s .  An i d e n t i c a l
c o n c l u s i o n  f o l l o w s  from  TablelUL w here  t h e  c o r r e l a t i o n  l i n e s
e x h i b i t  n e a r l y  u n i t  s l o p e s .  A s i m i l a r  c o n c l u s i o n  f o r  th e  r a r e
g a s e s  f o l l o w s  from  T ab le  I I  and from  t a b u l a t i o n s  a n a lo g o u s  t o  T ab le
IV. In d e e d ,  th e  v a l u e s  o f  n* f o r  f ix e d  no  nco e s s e n t i a l l y
’ n o  J '
i d e n t i c a l  f o r  a l l  r a r e  g a s e s  and a l l  m e th y l h a l i d e s .  In  o u r
o p i n i o n ,  t h i s  o b s e r v a t i o n  i n d i c a t e s  a red u n d an cy  i n  th e  p r i n c i p a l  
quantum  number l a b e l l i n g  w h ich  i s  commonly p r a c t i c e d  f o r  Rydberg 
t e r m s .  One m ig h t ,  in d e e d ,  go f u r t h e r  and a s s e r t  t h a t  t h i s  p r a c t i c e  
o b s c u r e s  t h e  t r u e  m eaning o f  t h e  quantum d e f e c t .  By u s in g  th e  
p r i n c i p a l  quantum numbers m + i  f o r  n i n  th e  r e l a t i o n  n*^  = n -  6 ^ , 
i t  f o l l o w s  t h a t  th e  v a lu e  o f  6 n^  must change by u n i t y  when p a s s in g  
from  one row o f  th e  p e r i o d i c  t a b l e  t o  a n o th e r  ( i . e . ,  i n  go in g  
from  Ar t o  K r, o r  CĤ CjG t o  CH^Br). Thus, th e  d e s i r e  t o  r e t a i n  
an  ,,a u f - b a u n l a b e l l i n g  leads t o  red u n d an cy  and i m p r a c t i c a l i t y .
I t  i s  e v i d e n t  from  F ig u r e s  4 and 5 and from  T a b le s  I l } I I I  
and IV t h a t  th e  lo w e s t  member o f  a l l  s e r i e s  w i t h  t e r m in a l  o r b i t a l s  
o f  s - t y p e  d i f f e r s  from  a l l  o t h e r  Rydbergs i n  two r e g a r d s .  F i r s t l y , 
t h e y  fo l l o w  c o r r e l a t i o n  l i n e s  w h ich  a r e  s i g n i f i c a n t l y  d e v i a n t  from 
t h e  I s  c o r r e l a t i o n  l i n e s  o f  t h e  r a r e  g a s e s .  T h is  p o i n t  i s  c l e a r l y  
d e m o n s t r a te d  i n  F ig u r e  6  w here  th e  Rydberg bands  o f  o th e r  s im p le  
m o n ch a lid e s  f o r  w h ich  a s s ig n m e n ts  a r e  a v a i l a b l e , ^  a s  w e l l  a s  
t h o s e  f o r  CH^X, a r e  p l o t t e d .  I t  i s  e v i d e n t  t h a t  a l l  I s  Rydberg 
bands  o f  t h e  m on o h a lid es  d e v i a t e  from  th e  r a r e  g a s  I s  c o r r e l a t i o n  
l i n e  i n  th e  same f a s h i o n  and fo l lo w  th e  I s  c o r r e l a t i o n  l i n e  o f  
t h e  m e th y l  h a l i d e s  v e r y  c l o s e l y .  A s i m i l a r  p a t t e r n  has  been  ob­
s e rv e d  f o r  a v a r i e t y  o f  m o le c u le s  c o n t a in in g  Rydberg chrom ophores
18from  g ro u p s  IV A and V A o f  th e  p e r i o d i c  t a b l e .  S e c o n d ly , i t  
may be n o te d  from T ab le  4 t h a t  th e  s e p a r a t i o n  o f  I s  bands a r i s i n g  
from  the  t r a n s i t i o n s  3 and 3 1 i s  l a r g e r  i n  th e  c a s e  o f  CH^Br and
F ig u r e  6 : The c o r r e l a t i o n  be tw een  e n e r g i e s  o f  Rydberg t r a n s i t i o n s
t o  I s ,  2 s ,  3 s ,  4 s ,  5 s ,  I p ,  2p and 3p v i r t u a l  o r b i t a l s
w i th  th e  i o n i a a t i o n  p o t e n t i a l s  1 ^ and I  ̂ o f  th e  raono-
h a l i d e s .  The i o n i z a t i o n  p o t e n t i a l s  1^ and I  ̂ i d e n t i f y
th e  h o r i z o n t a l  l i n e s  and c o r re s p o n d  t o  th e  m o le c u la r
2 2
i o n i z a t i o n  p o t e n t i a l s  I (  and X( Ex / 2  ̂ ’ r e s Pe c t *-v e l y '
E x p e r im e n ta l  p o i n t s  f o r  i o d i d e s  a r e  shown by c i r c l e s ,  
f o r  b rom ides  by s q u a r e s ,  and f o r  c h l o r i d e s  by t r i a n g l e s .  
The s o l i d  l i n e s  a r e  th e  r a r e  gas  c o r r e l a t i o n  l i n e s  o f  
T ab le  I I ;  th e  dashed  l i n e  i s  th e  I s  m e th y l  h a l i d e  
c o r r e l a t i o n  l i n e  o f  T ab le  I I I  and th e  d a s h - d o t - d a s h  
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F r e q u e n c y  ( k K )
CH^CA th a n  th e  d o u b le t  s p l i t t i n g  o f  t h e  i o n i z a t i o n  p o t e n t i a l s .
T h is  phenomenon i s  co n n e c te d  w i th  a d e p a r t u r e  from  (Q , tu)
c o re  * 7
O
c o u p l in g ,  and a te n d e n c y  tow ard  (A, E) c o u p l in g  w h ich  i s  g r e a t e s t
i n  CH^CA. A d e t a i l e d  a n a l y s i s  o f  t h i s  phenomenon w i l l  be g iv e n
19i n  a f o l l o w i n g  c h a p t e r .
SPECIFIC ASSIGNMENTS
M ethy l I o d i d e :
g
P r i c e  a s s ig n e d  th e  n >  6  members o f  s i x  s e r i e s ,  a ^ ,  a 2 >
b f ,  b 2 » c x and C2  ( s ^ ,  S2 , P p  P 2 , and d 2  i n  o u r  n o m e n c la tu r e ) .
10B o sch i  and S a la h u b  a s s ig n e d  th e  lo w -e n e rg y  members o f  s i x  s e r i e s ,  
t h e  quantum  d e f e c t s  o b ta in e d  b e in g  s l i g h t l y  d i f f e r e n t  from  th o s e  
used  by P r i c e  f o r  s i m i l a r  s e r i e s .  B osch i and S a lahub  have 
a s s ig n e d  t h e  B, C arid D bands  a s  th e  f i r s t  members o f  s^ 
and S2 * We a g r e e  w i t h  t h e s e  a s s ig n m e n ts  b u t  d i s a g r e e ,  
i n  p a r t  o r  i n  w h o le ,w i th  t h e i r  s^ and s  ̂ a s s ig n m e n ts  f o r  n  = 2 , 3,
4 and 5. Because  o f  the  o v e r la p p in g  o f  p and d s e r i e s  (See F i g u r e s  
4 and 5 ) ,  p^» P 2 » and d 2  a s s ig n m e n ts  a r e  n o t  a s  s e c u re  a s  one
m ig h t  w is h .  The bands l i s t e d  h e re  under  s e r i e s  p^ ,  e x c e p t  f o r  
t h e  n = 5 member, a g re e  w i th  a s e r i e s  c a t e g o r i z e d  by B osch i and 
S a la h u b  a s  d p  The 58893cm ^ band , th e  s o - c a l l e d  E band , i s  i d e n t i ­
f i e d  h e r e  a s  th e  n = 1  member of s e r i e s  p^.
M ethyl B rom ide :
The o n ly  work a v a i l a b l e  f o r  CH^Br a p p e a r s  t o  be t h a t  o f
g
P r i c e .  He a s s ig n e d  bands t o  S p  S2 , P^ and P 2  s e r i e s  f o r  v a l u e s
o f  n >  2 . He r e j e c t e d  th e  id e a  t h a t  th e  two lo w -en e rg y  b a n d s ,
-156062 and 59207cm , w ere  members o f  h i s  p r i n c i p a l  s e r i e s ,  3a and
4 a .  In  c o n t r a s t ,  we f in d  t h a t  t h e s e  two bands  a r e ,  r e s p e c t i v e l y ,
Q
th e  n * l  members o f  the  s^ and S2  s e r i e s  ( s e e  a l s o  M u ll ik e n  ) .
We d i s a g r e e  w i t h  some o t h e r s  o f  th e  P r i c e  s^ and S2
s e r i e s  a s s ig n m e n ts ,  n o t a b ly  t h e  n = 4 member o f  and th e  n = 3 
member o f  S2 * P r i c e  d id  n o t  l i s t  th e  o b se rv ed  f r e q u e n c i e s  f o r  
t h e  bands a s s ig n e d  t o  s e r i e s  and P 2 , e x c e p t  f o r  th e  n = 1  
members. Our a s s ig n m e n ts  o f  t h e s e  two members o oncu r  w i t h  t h o s e  
o f  P r i c e  and we ex te n d  th e  p^ and P 2  a s s ig n m e n t  up t o  n = 4 .
We a l s o  a s s i g n  th e  i n i t i a l  members o f  t h e  d^ and d 2  s e r i e s  b u t  
f a i l ,  f o r  r e a s o n s  o f  o v e r l a p ,  t o  e x te n d  t h e s e  a s s ig n m e n ts  t o  
v a l u e s  o f  n >  2 .
M ethyl C h l o r i d e :
8P r i c e  a s s ig n e d  two s e r i e s  and S2  b u t  d id  n o t  i d e n t i f y
11t h e  n = 1 members. R u s s e l l  e t  a l . have r e a s s i g n e d  t h i s  sp e c tru m ,
i n  a manner a t  v a r i a n c e  w i t h  t h a t  o f  P r i c e .  The B, C and D bands
11have  b een  a s s ig n e d  a s  n = 1  ( o r  2 ) members o f  and S2 ; th e
n = 1  and 2  members o f  p^ and P 2  s e r i e s  and th e  n = 1  member o f  d 2
have  a l s o  been  a s s i g n e d . ^  We co n cu r  w i t h  a l l  o f  t h e s e  a s s ig n m e n ts ,
e x c e p t  th e  n = 2  member o f  p^, and e x te n d  th e  a s s ig n m e n ts  t o
h i g h e r  n .  A n o th e r  p o s s i b i l i t y  f o r  th e  f i r s t  member o f  S2
i s  th e  band a t  63857cm The a rg u m e n ts  f o r  t h i s  l a t t e r  a s s ig n m e n t
19w i l l  be p r e s e n t e d  i n  a f o l lo w in g  p a p e r .
LIMITATIONS
We have  made no a t t e m p t  t o  a s s i g n  members o f  any s e r i e s  
f o r  n >  5. The c o r r e l a t i o n  l i n e s  become to o  crowded i n  t h i s  r e g io n  
and th e  v a r i a n c e  i n  th e  l i n e s  th e m s e lv e s  becomes com parab le  to  
t h e  s e p a r a t i o n  be tw een  i n d i v i d u a l  R ydberg  b a n d s .  F o r t u n a t e l y ,  th e  
u n a s s ig n e d  r e g i o n  ( i . e . ,  n >  5) i s  t h e  r e g i o n  w here Eq. 1 w i t h
g = 6^0) sh o u ld  f i n d  b e s t  a p p l i c a b i l i t y .  C o n s e q u e n t ly ,  th e
nof <y
a s s ig n m e n ts  made u s in g  Eq. 2 can  be u t i l i z e d  f o r  th e  e x t r a c t i o n  
o f  v a l u e s  o f  6^ ^  w h ich  may th e n  be i n c o r p o r a t e d  i n  Eq. 1 f o r  th e  
p r e d i c t i o n  o f  Rydberg f r e q u e n c i e s  f o r  n >  5. In  o t h e r  w o rd s ,  th e  
r e g i o n s  o f  u t i l i t y  o f  E q 's  1 and 2 , w h i le  d i s p a r a t e  — one b e in g  
a t  h ig h e r  e n e rg y ,  th e  o t h e r  a t  low er - -  a r e  no t  w i th o u t  some 
o v e r l a p .
EXPERIMENTAL
M ethyl c h l o r i d e  and m ethy l brom ide w ere  o b ta in e d  from 
M atheson  Gas P r o d u c ts  a s  g a s e s  o f  99.5% minimum p u r i t y .  They 
w ere used a s  r e c e i v e d .  M ethyl i o d i d e  was B a k e r 's  "A nalyzed"
R eagen t g ra d e  and was used  a s  r e c e i v e d .
Vacuum u l t r a v i o l e t  s p e c t r a  w ere  o b ta in e d  on a McPherson 
Model 225 , o n e -m e te r ,  g r a t i n g  monochrom ator com ple te  w i t h  doub le  
beam a t ta c h m e n t  and d u a l  ch a n n e l  r a t i o  r e c o r d i n g  sy s tem . The 
r e f e r e n c e  and sample s i g n a l s  w ere d e t e c t e d  by sodium  s a l i c y l a t e  
s c i n t i l l a t o r s  and EMI 9635B P h o t o m u l t i p l i e r s .
A b s o r p t io n  s p e c t r a  w ere scanned  and r e c o rd e d  a t  am bien t 
t e m p e r a tu r e  u s in g  a sam ple p a t h  l e n g t h  o f  10cm i n  a l l  c a s e s .  Many 
s c a n s  w ere  made u n d e r  v a r y in g  c o n d i t i o n s  o f  s can  r a t e ,  s can  
d i r e c t i o n ,  sample p r e s s u r e ,  and sam ple f low  r a t e .  No e v id e n c e  o f  
d e c o m p o s i t io n  was d e t e c t e d .  No h a lo g e n  i m p u r i t i e s  ( C B r ^  o r  I  ) 
w ere  d e t e c t e d .  I t  i s  b e l i e v e d  t h a t  o t h e r  p o s s i b l e  i m p u r i t i e s  
w ere  n o t  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t y  t o  i n t e r f e r e  w i t h  t h e  
a b s o r p t i o n  s p e c t r a  o f  th e  m e th y l  h a l i d e s .
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I s  RYDBERG LEVELS OF MONOHALIDES.
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INTRODUCTION
In  a p r e v io u s  chap te r , '* ’ a  c o r r e l a t i v e  t e c h n iq u e  f o r  th e
a s s ig n m e n t  o f  Rydberg t r a n s i t i o n s  was d e v e lo p ed  and a p p l i e d  to  low -
e n e rg y  Rydberg e x c i t a t i o n s  o f  th e  m e th y l  h a l i d e s  CH^X, X = CjG, Br
and I .  T h is  c o r r e l a t i v e  a p p ro ac h  was b a s e d  on a  l i n e a r  r e l a t i o n s h i p
be tw een  th e  e n e r g i e s  o f  Rydberg t r a n s i t i o n s  and th e  i o n i z a t i o n  l i m i t s
on w hich  t h e  Rydberg  s e r i e s  i n  q u e s t i o n  c o n v e rg e .  T h is  c o r r e l a t i o n
te c h n iq u e  i s  com plem entary  to  th e  u s u a l  ap p ro ac h  b a se d  on th e  Rydberg
e q u a t io n ;  i t  i s  p a r t i c u l a r l y  s u i t e d  to  th e  a n a l y s i s  o f  lo w -en e rg y
R ydberg  t r a n s i t i o n s  w here  th e  a p p ro ac h  b a se d  on th e  R ydberg e q u a t io n
o f t e n  f a i l s ;  and i t  a p p e a r s  to  h av e  c o n s i d e r a b l e  g e n e r a l i t y  i n  t h a t
2i t  i s  a p p l i c a b l e  t o  th e  m e rc u r ic  h a l i d e s ,  c h a lc o g e n  h y d r id e s  and
t h e i r  m e th y l  d e r i v a t i v e s ,  h y d r id e s  o f  th e  e le m e n ts  o f  g roup  VIA,
3 4and t h e i r  m e thy l d e r i v a t i v e s ,  k e t o n e s ,  o l e f i n s ,  e t c .  *
The c o r r e l a t i v e  te c h n iq u e ,  how ever,  h a s  one l a r g e  draw­
b a c k :  I t  im p l i e s  an  a v e ra g in g  o v e r  th e  l e v e l s  w hich  a r i s e  from
any g iv e n  e l e c t r o n i c  c o n f ig u ra t io n . '* '  Hence, i t  c a n n o t  g i v e  an 
a c c o u n t  o f  a l l  p o s s i b l e  Rydberg t r a n s i t i o n s .  I n  s p e c i f i c ,  i t  i s  
r e s t r i c t e d ,  i n  th e  a to m ic  c a s e ,  to  a c o n s i d e r a t i o n  o f  o n ly  one s 
s e r i e s ,  one  p s e r i e s ,  one d s e r i e s ,  e t c . ,  f o r  each  p o s s i b l e  
e l e c t r o n i c  c o n f i g u r a t i o n  o f  th e  c a t i o n i c  c o r e .  The p u rp o s e  o f  
t h i s  a r t i c l e  i s  to  remove some o f  t h e s e  r e s t r i c t i o n s  and to  demon­
s t r a t e  th e  c o n t in u e d  v i a b i l i t y  o f  c o r r e l a t i v e  t o o l s  i n  a  d e t a i l e d  
i n v e s t i g a t i o n  o f  th e  en e rg y  l e v e l s  a s s o c i a t e d  w i th  a s i n g l e
c o n f i g u r a t i o n a l  e x c i t a t i o n  o f  Rydberg ty p e .
The c o n f i g u r a t i o n a l  e x c i t a t i o n  o f  i n t e r e s t  i s  t h e  lo w e s t -
e n e rg y ,  e x t r a  v a l e n c e  s h e l l ,  h a lo g e n  s o r b i t a l  e x c i t a t i o n  o f  th e
m e th y l  h a l i d e s .  T h is  e x c i t e d  c o n f i g u r a t i o n  i s  te rm ed  " t h e  I s
R ydberg  o r  I s  (R) c o n f i g u r a t i o n . "  The en e rg y  s e p a r a t i o n s  o f  th e
l e v e l s  w hich d e r i v e  from  t h i s  c o n f i g u r a t i o n  a r e  l a r g e l y  d e te rm in e d
by two p a r a m e te r s :  The s p i n - o r b i t a l  s p l i t t i n g  o f  th e  c a t i o n i c
c o r e  s t a t e s ,  A , and th e  exchange  en e rg y  o f  th e  h o l e  i n  th e  c a t i o n i c
c o r e  w i th  th e  e x t r a - c o r e  e l e c t r o n ,  K, T h e o r e t i c a l  e x p r e s s io n s  f o r
5 6t h e s e  l e v e l  s e p a r a t i o n s ,  * when combined w i th  e s t i m a t e s  o f  A from 
p h o t o e l e c t r o n  s p e c t r o s c o p i c  d a t a  and o f  K from  o p t i c a l  a b s o r p t i o n  
d a t a ,  p r o v id e  a  b a s i s  f o r  c o r r e l a t i v e  a rg u m e n ts .  I n  t u r n ,  t h e s e  
c o r r e l a t i o n s  v a l i d a t e  a number o f  q u a l i t a t i v e  a s s ig n m e n ts  a l r e a d y  
i n  th e  l i t e r a t u r e  and , i n  th e  c a s e  o f  CH^Ci, th e y  s u g g e s t  an  a s s i g n ­
ment d i f f e r e n t  from  t h a t  w hich i s  p r e s e n t l y  a v a i l a b l e . ^
ns RYDBERG LEVELS IN RARE GASES AND
MONOHALIDES
The s - t y p e  Rydberg s e r i e s  o f  Ne th ro u g h  Rn w hich  c o n v e rg e
f e s t - e n e r g y  i o n i z a t i o n  l i m i t s  ]
5 8from  th e  c o n f i g u r a t i o n a l  e x c i t a t i o n s  ’
2 2
on th e  lo w t    I (  an<* ^ 1 / 2  ̂ d e r i v e
— 6  1_ 5 2_ x rp ; S -* (p  ; PJ ( ) n s ;  T
w here  p denctes th e  h i g h e s t - e n e r g y  p AO w hich  i s  o ccu p ied  i n  th e  ground
tlxs t a t e  c o n f i g u r a t i o n ;  ns  d e n o te s  t h e  n v i r t u a l  s AO; J '= 3 / 2 ,  1 /2  i s
th e  t o t a l  a n g u l a r  momentum quantum number o f  th e  p^ c o r e ;  and T
9d e n o te s  t h e  a to m ic  l e v e l .  T h is  e x c i t e d  c o n f i g u r a t i o n  g iv e s  r i s e  to
5 8  10f o u r  l e v e l s  w hich  a r e  b e s t  c h a r a c t e r i z e d  * * by th e  ( J ' , £ )
11
c o u p l in g  sym bols [K ] j .  These  l e v e l s ,  en e rg y  i n c r e a s i n g  from l e f t
to  r i g h t ,  a r e  t a b u l a t e d  i n  T a b le  I .  I f  a l l  i n t e r a c t i o n s  a r e  r e -
5 2s t r i c t e d  to  th e  m a n ifo ld  o f  s t a t e s  d e r i v i n g  from th e  (p  ; n s
c o n f i g u r a t i o n ,  i t  f o l lo w s  t h a t  th e  s e p a r a t i o n  o f  th e s e  l e v e l s  w i l l
2 2be d e te rm in e d  by th e  s p i n - o r b i t a l  s p l i t t i n g  A = E( ~ E( ^ 3 / 2 ^
i n  th e  p^ c o re  and by th e  exchange  i n t e g r a l  K -  <p n s jp  ns> .
The en e rg y  l e v e l  s e p a r a t i o n s ,  a l l  r e l a t i v e  to  th e  C3 / 2 ^ 2  
l e v e l ,  a r e  d e f in e d  a s
Dx = E [ 3 / 2 ] x -  E [ 3 / 2 ] 2  
D2  = E [ l / 2 ^  -  E [ 3 / 2 ] 2
D3  = E [1 /2  -  E [ 3 / 2 ] 2   2
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TABLE I .
n s (R ) LEVELS IN VARIOUS POINT GROUPS.
POINT SYMMETRY ns-LEVELS
R+- 3 [ 3/2 \ [3 /2  \ [ 1 / 2  \
C0 0 V E 2 h E , E E 1
C3v E E A1 , A 2 E
Cs A' ,A" A' ,A " A' , A" A ',  A"
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The e n e r g i e s  E[IC3j» w i t h i n  t h e  r e s t r i c t e d  c o n t e x t  o f  c o n f i g u r a t i o n
5 10i n t e r a c t i o n  d e f in e d  ab o v e ,  a r e  a v a i l a b l e  i n  C o n d o n -S h o r t le y  and E d l ln
who u s e  th e  more cu s to m ary  s p i n - o r b i t a l  c o u p l in g  p a ra m e te r  §. G iven
—5 2? =  ( 2 / 3 )  A f o r  t h e  "p ; P j ,  c a t i o n i c  l e v e l s ,  th e  red u c e d  s e p a r a t i o n s  
D ^/A m ay be w r i t t e n
2
d 1 , 3 /A  = 1 /2  + |  +  ( 1 / 4  -  1 /3  |  + | 2 ) ^
D2/A  = 1
\d ie re  th e  m inus and p l u s  s ig n s  c o r re s p o n d  to  D^/A and Dg/A, 
r e s p e c t i v e l y .  The a d v a n ta g e  o f  th e  re d u c e d  e x p r e s s io n s  i s  t h e i r  
dependence  on th e  s i n g l e  p a ra m e te r  K /a.
Some o f  th e  Rydberg s e r i e s  o b se rv e d  i n  th e  s p e c t r a  o f  
s im p le  m o n o h a lid es  a r e  c l o s e l y  r e l a t e d  to  th e  s - s e r i e s  o f  th e  r a r e  
g a s e s  and a r e  r e f e r r e d  t o ,  i n  a m e a n in g fu l  way, a s  " m o le c u la r  
s - s e r i e s . "  T h is  a s s e r t i o n  i s  b a se d  on th e  fo l lo w in g  s e t  o f  
a n a l o g i e s  ( o r  a s s u m p t io n s ) :
( i )  The m o le c u la r  s - s e r i e s  p e r t i n e n t  to  m o n o h a lid es  o f  
v a r i o u s  p o i n t  g roup  sym m etr ie s  a r e  a s s o c i a t e d  w i th  th e  c o n f i g u r a t i o n a l  
e x c i t a t i o n s
Cc»v! °2> n 4 » ^  ^ 2 » ^ 3 » 2\ i n a ;  r
C3 v : a V  e 4 ;  ^ 1  ^  ^a l» e 3 ;  n a l ’ r   4 '
T r a n s i t i o n s  i n  th e  C1  p o i n t  g roup  a r e  s i m i l a r  to  th o s e  i n  C and*• s
a r e  n o t  p r e s e n t e d .  The b a r r e d  o r b i t a l s  a r e  th e  h i g h e s t - e n e r g y
o c c u p ie d  MO's o f  th e  g round  s t a t e  c o n f i g u r a t i o n .  The u n b a r re d  
fcho r b i t a l  i s  t h e  n  v i r t u a l  MO o f  t h e  s p e c i f i e d  symmetry
and T i s  th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  f o r  w hich
th e  l e v e l ( s )  i n  q u e s t i o n  fo rm (s )  a  b a s i s  ( s e e  T a b le  I ) .  P a r e n t a l
12m o le c u la r  c o r e  l e v e l s  a r e  d e n o te d  by d o u b le  g roup  sym bols E^,
3 1 1w here  Q'= / 2 ,  /2  f o r  C and C_ p o i n t  g ro u p s  and Q* = /2  f o r
ooV j y
C and C, p o i n t  g ro u p s .  The d o u b le  b a r r e d  o r b i t a l  i n  th e  C_ s i  j
p o i n t  g roup  p r o v id e s  d i s t i n c t i o n  be tw een  th e  two a ’ MO's; i t  a l s o  
c o n n o te s  a  h i g h l y  m o le c u la r  n a t u r e  ( a s  opposed  to  a  h i g h l y  
a to m ic  n a t u r e )  f o r  th e  o r b i t a l  so d e s ig n a t e d .
( i i )  The s i n g l y  b a r r e d  o r b i t a l s ,  tt,  "e, a , '  and a"  a r e  
assumed to  be  n e a r l y  p u re  p  AO's o f  th e  c o r r e s p o n d in g  r a r e  g a s e s  
( e . g . . ,  p o f  Xe a n a lo g o u s  to  tt o f  i o d i d e s )  and th e  u n b a r re d  o r b i t a l s  
a r e  assumed to  be  n e a r l y  p u re  n s  AO's o f  th e  c o r r e s p o n d in g  r a r e  
g a s e s .  Both  s e t s ,  b a r r e d  and u n b a r r e d ,  a r e  m o le c u la r  a d a p te d  i n  
th e  s e n s e  o f  symmetry a d a p t a t i o n ,  s h r in k a g e  or e x p a n s io n  o f  t h e  r a r e  
g a s  AO p ro d u c e d  by th e  a l t e r e d  e f f e c t i v e  n u c l e a r  c h a rg e  found  on 
th e  h a lo g e n  c e n t e r ,  and d i s t o r t i o n s  ca u se d  by s u b s t i t u e n t  e f f e c t s .
A good d e a l  o f  e x p e r im e n ta l  and t h e o r e t i c a l  work i n d i c a t e s  t h a t  
t h i s  a s s u m p tio n  o f  a  q u a s i - a t o m i c ,  q u a s i - r a r e - g a s  n a t u r e  i s  w e l l  
founded .
( i i i )  The o n ly  low -sym m etry  m o n o h a l id es  o f  c o n c e rn  i n  
t h i s  work a r e  t h e  a l k y l  h a l i d e s  n > A gain , we assume
t h a t  m o le c u le  a d a p t a t i o n  p ro d u c e s  h i g h l y  X - lo c a l i z e d  q u a s i  A O 's, 
t h a t  th e  n e a r e s t - n e i g h b o r  l i g a n d  e f f e c t s  o f  t h e  a l k y l  g ro u p s  a r e  
q u i t e  s m a l l ,  and t h a t  t h e s e  sy s tem s  may be  d e s c r ib e d  i n  an  e f f e c t i v e  
l o c a l  symmetry p o i n t  g ro u p  C . I n  th e  c a s e  o f  l i n e a r  m o n o h a l id e s ,oo v
such as the cyanogen halides and acetylene halides, both tt and ncr
MO's a r e  t a k e n  a g a i n  t o  be q u a s i  AO's on c e n t e r  X.
G iven  a s s u m p tio n  ( i i i )  and th e  r e s t r i c t i v e  c o n f i g u r a t i o n
i n t e r a c t i o n  p r e v i o u s l y  s p e c i f i e d ,  each  o f  th e  e x c i t e d  c o n f i g u r a t i o n s
4 , 4 '  and 4" y i e l d s  f o u r  d o u b ly - d e g e n e r a te  l e v e l s ^  whose d o u b le  
12g ro u p  sym bols  a r e  g iv e n  i n  T a b le  I .  W i th in  t h i s  a p p r o x im a t io n ,
th e  R ydberg  s e r i e s  a s s o c i a t e d  w i th  th e  t r a n s i t i o n s  4 -  4" w i l l
2 2 
c o n v e rg e  to  th e  i o n i z a t i o n  l i m i t s  l (  anc* ® l / 2 ^
r e p r e s e n t  rem oval o f  an  e l e c t r o n  from th e  l a r g e l y  n o n -b o n d in g
tt -  MO, The and Cg p o i n t  g ro u p  l e v e l s  o f  T a b le  I  fo l lo w
s t r a i g h t f o r w a r d l y  from  su b -g ro u p  r e s o l u t i o n  o f  t h e  l e v e l s  o f  
12 13th e  same column * an d ,  p e r  a s s u m p tio n  ( i i i ) ,  may be  viewed
a s  i d e n t i c a l  to  t h e  C ^ .  l e v e l s .  F i n a l l y ,  p e r  a s s u m p tio n  ( i i ) ,
t h e  m o le c u la r  l e v e l s  o f  T a b le  I  may a l l  b e  r e f e r r e d  to  a s  " n s  ( r)
m o le c u la r  l e v e l s . "
The en e rg y  s e p a r a t i o n s  w i t h i n  th e  ns (R) m o le c u la r  l e v e l s
of the C symmetry monohalides are determined by the
2 2
s p i n - o r b i t  s p l i t t i n g ,  A * E( E j_ ^ )  “ E( E3 ^2) ,  o f  th e  
- 2 - 3  2a  , rr ; m o le c u la r  c o r e  and by th e  exchange  i n t e g r a l ,
K = < ttct I tt ct > ,  be tw een  tt and ncr o r b i t a l s .  I f  th e  ns  (R) m o le c u la r
l e v e l s  a r e  l a b e l l e d  w i th  t h e  ( f ? ,X )  c o u p l in g  sym bols w hich
14 ra r e  f o r m a l ly  i d e n t i c a l  to  th e  LKjj sym bols o f  th e  a to m ic  n s  (R) 
l e v e l s  i n  T a b le  I ,  th e  m o le c u la r  n s  (R) l e v e l  s e p a r a t i o n ,  D^, a r e  
s t i l l  g iv e n  by E q u a t io n  2. I f  we a l s o  d e f i n e
= E C l / 2 ^  -  E [ 3 / 2 ] 1  = D3  -  Dr , we f i n d ,  f o l l o w in g  M u l l ik e n , 6  
t h a t  th e  re d u c e d  e x p r e s s io n s  i n  th e  m o le c u la r  n s  (R) c a s e  a r e
2
D1>3/A = 1 / 2  +  f  +  [ 1 / 4  + § 2  3*
d 2 /A = 1
K2  i
D4 /A = 2 [ t / 4  +  f > f   5
w here  m inus and p l u s  s ig n s  r e f e r  to  and r e s p e c t i v e l y .
RELATIVE INTENSITIES OF TRANSITIONS TO n s  RYDBERG LEVELS
The e n e r g e t i c  s i m i l a r i t i e s  o f  t h e  p r e v io u s  s e c t i o n  a l s o  ex­
te n d  i n t o  c o n s i d e r a t i o n s  o f  th e  r e l a t i v e  i n t e n s i t i e s  o f  e l e c t r o n i c
1
t r a n s i t i o n s  from  th e  g round  s t a t e ,  , to  th e  v a r i o u s  n s  .(R) l e v e l s .  In
th e  a to m ic  c a s e ,  th e  AJ s e l e c t i o n  r u l e s '* ’ ^  i n d i c a t e  t h a t  th e
e x c i t a t i o n s  *Tq -* [ 3 /2 ] ^  and *Tq -* [ 1 / 2 ] ^  a r e  e l e c t r i c  d ip o l e
a l lo w e d .  F o r  th e  l i n e a r  h a l i d e s ,  th e  t r a n s i t i o n s  -* [ 3 / 2 ] ^ ,
[ l  / 2  3 q and [ 1 / 2 ] a r e  a l lo w e d ;  how ever,  t h e  t r a n s i t i o n  *Tq “* [ l / 2 ]Q
i s  e x p e c te d  t o  have c o n s i d e r a b l y  s m a l l e r  i n t e n s i t y  th a n  th e  ■
12 15o t h e r  two a l lo w ed  t r a n s i t i o n s .  ’ W i th in  th e  c o n te x t  o f
a s s u m p tio n s  ( i )  -  ( i i i ) ,  th e  same o r d e r  o f  i n t e n s i t i e s  ( i . e . ,  v e ry
w eak, s t r o n g ,  weak, s t r o n g )  may a l s o  be e x p e c t e d ^  f o r  th e
1  1  
Tq -» [3 /2  ]^ ,  [ 3 / 2 ] ^ ,  [ 1 /2  ] and [ /2  t r a n s i t i o n s  o f  low er-sym m etry
m o n o h a lid e s  (w here  a l l  t r a n s i t i o n s  a r e  f o r m a l ly  e l e c t r i c  d ip o l e
a l lo w e d ) .
The above e x p e c t a t i o n s  a r e  f u l l y  c o n f irm e d  by th e  ex -
17-20p e r im e n ta l  d a t a  a v a i l a b l e  f o r  a  v a r i e t y  o f  m o n o h a l id e s .  As
a r e s u l t ,  we may c o n c lu d e  t h a t  th e  two n s  (R) bands  o b se rv ed  i n  th e
1 19s p e c t r a  o f  th e  m e th y l  h a l i d e s  and h i g h e r  a l k y l  h a l i d e s  c o r re s p o n d
to  th e  t r a n s i t i o n s  [ 3 / 2 ] ^  and *Tq -* [ 1 / 2 ] ^  i n  o r d e r  o f  i n ­
c r e a s i n g  en e rg y  and t h a t  t h e i r  r e d u c e d  e n e rg y  s e p a r a t i o n  i s  g iv e n  by 
D^/A o f  E q u a t io n  5.
ENERGY CORRELATIONS
The re d u c e d  en e rg y  s e p a r a t i o n s  D^A , a s  g iv e n  by E q u a t io n s  
3 and 5 ,  a r e  g ra p h e d  i n  F ig u r e  1 f o r  v a l u e s  O s  K / i  s  3 .0 .  Thus, 
p r o v id i n g  a l l  a p p ro x im a t io n s  made a r e  v a l i d ,  th e  o b se rv e d  v a l u e s  o f  
th e  re d u c e d  s e p a r a t i o n s  D^A , I^/A and D^/A s h o u ld  f a l l  on th e  
t h e o r e t i c a l  l i n e s  when th e s e  v a l u e s  a r e  p l o t t e d  a s  a f u n c t i o n  o f  
K/A. I n  t h e  c a s e  o f  m o le c u le s  w here  o n ly  D^A i s  a v a i l a b l e  ex­
p e r i m e n t a l l y ,  t h i s  q u a n t i t y  s h o u ld  r e p ro d u c e  th e  s e p a r a t i o n  
(D ^ -B p /A  when s i m i l a r l y  p l o t t e d .  However, t h e s e  p l o t t i n g  p r o ­
c e d u r e s  im ply  a know ledge o f  b o th  A and K.
The p a r a m e te r s  A and K sh o u ld  be  e v a lu a te d  from th e  same 
s e t  o f  band s e p a r a t i o n s  w hich  th e y  a r e  to  c o r r e l a t e .  Only i f  th e  
e n e r g i e s  o f  a l l  f o u r  p o s s i b l e  n s (R )  t r a n s i t i o n s  and ,  c o n s e q u e n t ly ,  th e  
t h r e e  in d e p e n d e n t  s e p a r a t i o n s ,  D^, D£ and D^, a r e  known, w i l l  th e  
number o f  p a r a m e te r s  b e  l e s s  th a n  th e  number o f  a p p l i c a b l e  in d e p e n ­
d e n t  e q u a t i o n s ;  o n ly  th e n  w i l l  ag ree m en t o r  d is a g re e m e n t  betw een 
th e o ry  and e x p e r im e n t  b e  m e a n in g fu l .  A p a r t  from th e  n s  Rydberg
g
t r a n s i t i o n s  o f  th e  r a r e  g a s e s  and th e  I s  Rydberg t r a n s i t i o n s  o f  th e  
17h y d ro g en  h a l i d e s  HCX, HBr and H I, such d e t a i l e d  i n f o r m a t io n  i s
1 7 18-20 27n o t  a v a i l a b l e .  In  f a c t ,  f o r  t h e  re m a in in g  m o n o h a l id e s ,  * ’ *
o n ly  th e  s e p a r a t i o n  i s  known. Thus, th e  p r e s e r v a t i o n  o f  th e  
u t i l i t y  o f  E qua tions  5 o r ,  e q u i v a l e n t l y ,  o f  F ig u r e  1 r e q u i r e s  some 
means f o r  th e  in d e p e n d e n t  e s t i m a t i o n  o f  A and K. T hese  
means a r e :
6 0
F ig u r e  1 : The reduced  s e p a r a t i o n s  o f  th e  ls -R y d b e rg  l e v e l s ,
D ./A , v s .  th e  o r d e r in g  p a ra m e te r  K/A f o r  r a r e  g a s e s  
and m o n o h a l id e s .  The s o l i d  c u rv e s  d en o ted  by 
i  = 1 , 2 ,3  r e p r e s e n t  t h e  t h e o r e t i c a l  dependence o f  
TiJA, i  = 1 , 2 , 3 ,  on K/A a s  g iv e n  by e x p r e s s io n s  (3 )  
and (5) o f  th e  t e x t .  F o r  i  = 1 th e  up p er  cu rve  i s  
t h a t  f o r  R+gsymmetry w h i le  th e  low er cu rv e  c o r re s p o n d s  
to  C symmetry; f o r  i  = 3 th e  o r d e r  o f  th e  cu rv e s  
i s  r e v e r s e d .
The p o i n t s  c o r r e s p o n d in g  to  th e  e x p e r im e n ta l  v a l u e s  
o f  th e  red u ce d  e n e rg y  s e p a r a t i o n s  a r e  l a b e le d  by :
O f o r  D^/A, □  f o r  A, •  f o r  D^/A an^ ^ ^o r  
The p o i n t s  l y i n g  on th e  v e r t i c a l  l i n e s  numbered by 
1-7 a r e  th o s e  o f  Xe, Kr, HI, HBr, A r, Ne and HC-&, 
r e s p e c t i v e l y .  P o in t s  o f f  th e  v e r t i c a l  l i n e s  a r e  
i n d i v i d u a l l y  l a b e l e d .  The q u a n t i t y  D^/A i s  p l o t t e d  

















( a )  The s p i n  o r b i t  s p l i t t i n g  A o f  th e  c o r e  l e v e l s  i s
a p p ro x im a te d  by th e  s e p a r a t i o n  o f  th e  d o u b le t  l e v e l s  o f  th e  a to m ic
2 2
o r  m o le c u la r  c a t i o n ,  t h a t  i s  by e i t h e r  A = I (  ^ 1 / 2  ̂ “ ^  ^3 /2^  o r  
2 2
A = I (  **3/2^* r̂ i e s e  v a l u e s  o f  A a r e  g iv e n  i n  T a b le s
I I  and I I I .  T h is  p a r t i c u l a r  a p p ro x im a t io n  assum es t h a t  th e  p o l a r i ­
z a t i o n  o f  t h e  c o r e  by th e  o u t e r  n s  (R) e l e c t r o n  i s  n e g l i g i b l e  o r ,  
e q u i v a l e n t l y ,  t h a t  th e  e l e c t r o n i c  d e t a i l s  o f  th e  c o r e  a r e  i d e n t i c a l  
to  t h o s e  o f  t h e  c a t i o n .  The v a l i d i t y  o f  t h i s  a p p ro x im a t io n  seems 
a s s u r e d  i n  v ie w  o f  t h e  c l o s e  c o r re s p o n d e n c e  o f  v a l u e s  o f  A e v a l u a te d
from  i o n i z a t i o n  p o t e n t i a l s  w i th  th o s e  d e te rm in e d  from  ls -R y d b e rg
5
l e v e l  s e p a r a t i o n s  f o r  t h e  r a r e  g a s e s ,  s i n g l y - i o n i z e d  a l k a l i  m e ta l s
21and h y d ro g en  h a l i d e s .
( b )  The f r e q u e n c y  s e p a r a t i o n  o f  th e  two i n t e n s e  n s  (R) 
b an d s  c o r r e s p o n d s  to  D^. V a lu es  o f  o b t a in e d  from  th e  I s  Rydberg 
b an d s  a r e  com bined w i th  v a l u e s  o f  A from ( a )  above to  g e n e r a t e ,
v i a  E q u a t io n s  3 and 5 ,  th e  v a l u e s  o f  K g iv e n  i n  T a b le s  I I  and I I I .
I t  i s  c l e a r  from  t h e s e  t a b u l a t i o n s  t h a t  th e  r e l a t i v e  v a r i a t i o n s  o f
K w i t h i n  any  se q u e n c e  ( i . e . ,  Ne th ro u g h  Rn o r  HCX th ro u g h  HI) a r e
c o n s i d e r a b l y  s m a l l e r  th a n  th e  v a r i a t i o n s  o f  A w i t h i n  th e  same
22s e q u e n c e .  In d e e d ,  f o r  b o th  t h e  r a r e  g a s e s  and th e  hyd rogen  
h a l i d e s ,  K i s  c o n s t a n t  to  w i t h i n  107.; and f o r  th e  m e th y l -  and cyanogen 
h a l i d e s  R l i e s  f u l l y  w i t h i n  th e  ra n g e  0 .5  ^  K ^ l.OkK. Based on 
t h e s e  o b s e r v a t i o n s ,  we presum e to  u s e  a v e ra g e  v a l u e s  o f  K f o r  th e  
e s t i m a t i o n  o f  t h e  p a ra m e te r  K/A . T hese  a v a ra g e  v a l u e s ,  K, a r e  
o b t a i n e d  s e p a r a t e l y  f o r  th e  r a r e  g a s e s  (K = 0.73kK), th e  hyd rogen  
h a l i d e s  (K = 1 .14kK) and th e  com bined g roup  o f  m e th y l  h a l i d e s  and
63
TABLE I I .
ENERGIES AND PARAMETERS FOR l s ( R )  LEVELS OF RARE GASES AND HYDROGEN
HALIDESa
Ne Ar Kr Xe Rn
A 0 .7 8 2 1 .432 5 .371 10 .537 30.895
c * / a 2 134 .044 93 .143 79 .973 67 .068 54 .620
134 .461 9 3 .750 80 .918 68 .046 55.989
[l / 2 ] 0 134 .821 94 .557 85 .192 76 .197 85 .976
C1 /2) x 135 .891 95 .400 85.847 77 .185 87 .053
Dj /̂6 0 .5 3 2 0 .4 2 4 0 .176 0 .0 9 3 0 .0 4 4
d2/a 0 . 9 9 4 0 .9 8 5 0 .9 7 2 0 .866 1 .015
d3 /a 2 .363 1.576 1 .093 0 .9 6 0 1.049
K 0 .7 4 1 0 .716 0 . 7 2 4 0.279 1 .453
k/a 0 .9 3 3 0 .5 1 0 0 .1 3 6 0 .069 0 .0 2 4
HC i HBr HI
A 0 .6 4 5 2 .662 5 .4 0 4
C 3/ 2 ] 2 7 4 .840 66 .350 55 .833
C 3 / 2 l ! 75 .143 67 .088 56 .738
[ 7 5 .490 68.907 60 .848
C l / 2 ] i 77 .485 70 .528 62 .325
V A 0 .4 7 0 0 .277 0 .167
D2/a 1 .008 0 .9 6 1 0 .9 2 8
d3 /a 4 .101 1.569 1.201
K 1.152 1.127 0 .997
K/A 1 .767 0 .4 2 8 0 .2 1 1
I
TABLE I I .  
(C o n t in u e d )
A l l  e n e r g i e s ,  a s  w e l l  a s  th e  p a r a m e te r s  a  and K, a r e  c i t e d  i n  
k i l o K a y s e r s  (kK ). A l l  q u a n t i t i e s  d iv i d e d  by A a r e  d im e n s io n le s s .  
The e x p e r im e n ta l  d a t a  f o r  th e  r a r e  g a s e s  a r e  ta k e n  from r e f e r e n c e  8  
o f  t h e  t e x t ;  th o s e  f o r  t h e  h y d ro g en  h a l i d e s  a r e  ta k e n  from r e f e r e n ­
c e s  17 and 24. The sym bols Ck]j. o r  CkIq d e n o te  t h e  en e rg y  o f  th e  
t r a n s i t i o n s  [ K f o r  atom s and -»
The e n e r g i e s  l i s t e d  u n d e r  [ 1 / 2 ]q f o r  th e  h y d ro g en  h a l i d e s  r e p r e s e n t  
an  a v e ra g e  o f  th e  t r a n s i t i o n  e n e r g i e s  t o  th e  [ 1 / 2  ] ^ + and Cl / 2  ”1q_ 
l e v e l s .
LK^k f o r  m o le c u le s .
TABLE III.
ENERGIES AND PARAMETERS FOR l s ( R )  LEVELS OF METHYL HALIDES AND CYANOGEN
HALIDES3
ch3c x CH3Br ch3i CNCi CNBr CNI
A 0 .6 8 0 2 .540 5 .0 6 0 0 .226 1 .4 8 4 4 .4 0 4
r~
u> to 1___
_1 6 2 .578 56 .062 49 .702 73 .331 6 6 .290 58.887
C1 / 2 l 1 63 .857 59.207 54 .654 74 .468 68 .278 63 .471
V A 1.881 1 .238 0 .977 5 .031 1 .340 1 .041
K 0 .5 4 1 0 .9 2 8
b
IN S 0 .557 0 .8 0 5 0 .6 3 6
K/ A 0 .8 8 9 0 .2 3 8 0 .119 2 .6 7 4 0 .407 0 .137
A l l  e n e r g i e s ,  a s  w e l l  a s  th e  p a r a m e te r s  A and K, a r e  c i t e d  i n  k i l o K a y s e r s  (kK ). A l l  
q u a n t i t i e s  d iv i d e d  by A a r e  d im e n s io n le s s .  The e x p e r im e n ta l  d a t a  f o r  th e  m e th y l h a l i d e s  
a r e  ta k e n  from  R e f e r e n c e s  1 and 25 o f  th e  t e x t ;  th o s e  f o r  t h e  cyanogen  h a l i d e s  a r e  ta k e n  
from  r e f e r e n c e s  18 and 26. The sym bols d e n o te  th e  en e rg y  o f  th e  t r a n s i t i o n s
x r o  -  [ k -̂ .
^ F o r  CH^I, i s  l e s s  th a n  A and K i s  im a g in a ry .
cyanogen  h a l i d e s  (K = 0 .6 1 k K ).  The l a s t  v a l u e  i s  u sed  c o n s i s t e n t l y  
f o r  a l l  m o n o h a lid e s  o t h e r  th a n  th e  hyd ro g en  h a l i d e s .  The r e s u l t i n g  
v a l u e s  o f  th e  p a r a m e te r  K /A  a r e  g iv e n  i n  T a b le s  I I  and I I I .
The a s s u m p tio n s  (b )  a r e  n o t  so w e l l  founded  a s  a s su m p tio n  
( a )  and f u r t h e r  i n v e s t i g a t i o n s  o f  them a r e  i n  o r d e r .  For exam ple, 
t h e  a v a i l a b l e  d a t a  f o r  th e  a l k y l  i o d i d e C nH2 n+j I ( n  = 1  th ro u g h  6 ) ,  
w h ich  a r e  c o l l e c t e d  i n  T a b le  IV, i n d i c a t e  some r e g u l a r i t y  i n  th e  
e f f e c t  o f  s u b s t i t u e n t  s i z e  on th e  v a l u e  o f  K. An e f f e c t  o f  sub­
s t i t u e n t  ty p e  on K may a l s o  be i n f e r r e d  from  com parison  o f  th e  d a t a  
f o r  th e  l i n e a r  h a l i d e s  and a l k y l  h a l i d e s .  U n f o r tu n a t e ly ,  th e  
a v a i l a b l e  e x p e r im e n ta l  d a t a  a r e  to o  s c a n ty  to  p e r m i t  f u r t h e r  con­
c l u s i o n s .
H aving a rg u e d  t h a t  A and a r e  a d e q u a te ly  in d e p e n d e n t
o f  th e  o b s e rv e d  l e v e l  s e p a r a t i o n s ,  a  com parison  o f  th e  t h e o r e t i c a l  
and e x p e r im e n ta l  D^/ A becomes a  m e a n in g fu l  p r o c e d u r e .  Such a com­
p a r i s o n  i s  made i n  F ig u r e  1 w here th e  v a l u e s  o f  D j ^  , and
f o r  th e  r a r e  g a s e s  and h y d rogen  h a l i d e s  a r e  p l o t t e d  a g a i n s t  
K/ A. A l l  p o i n t s  f a l l  on o r  v e ry  c l o s e  to  th e  t h e o r e t i c a l  c u r v e s ,  
w hich  i s  a t  once  s u p p o r t i v e  o f  th e  a t t i t u d e s  ad o p te d  a s  w e l l  as  
o f  t h e  I s  (R) l e v e l  a s s ig n m e n ts  i n  th e  r a r e  g a s e s  and th e  hydrogen  
h a l i d e s .  A ssum ing, a d d i t i o n a l l y ,  t h a t  th e  d a t a  f o r  th e  m e th y l 
h a l i d e s  and th e  cyanogen  h a l i d e s  c o r r e s p o n d  to  D^, th e  q u a n t i t y  
D^/A i s  p l o t t e d  a g a i n s t  K/A r e l a t i v e  t o  th e  t h e o r e t i c a l  
D^/A l i n e  a s  th e  b a s e .  A l l  such  p o i n t s  shou ld  f a l l  
on th e  t h e o r e t i c a l  D^/A l i n e .  S in ce  t h e y  do , we may assume
t h a t  t h e  a s s ig n m e n ts  i m p l i c i t  i n  th e  e v a l u a t i o n  o f  th e  en e rg y
TABLE IV.
ENERGIES AND PARAMETERS FOR l s ( R )  LEVELS OF ALKYL IODIDES AND
ACETYLENE IODIDE3
ch3i W w C4H9 I c 5Hn 1 V i s 1 CHsCI
A 5 .0 6 0 4 .700 4 .6 6 0 4 .5 3 0 4 .5 1 0 4 .540 3 .250
49 .702 49 .710 4 9 .7 1 4 4 9 .7 1 4 49.699 49 .694 52 .823
\ } n \ 54 .645 57 .460 54 .478 54 .490 54.409 54 .401 56 .158
V A 0 .9 7 7 1 . 0 1 1 1 . 0 2 2 1 .0 5 4 1 .043 1 .043 1 .026
K b 0 .3 4 4 0 .4 9 5 0 .7 5 7 0 .6 7 0 0 .6 2 1 0 .3 7 4
K/A /•**/ /V /V /V
A l l  e n e r g i e s ,  as  w e l l  as  th e  p a ra m e te r s  A and K, a r e  c i t e d  i n  k i lo K a y s e r s  (kK ). A l l  q u a n t i t i e s  
d iv id e d  by A a r e  d im e n s io n le s s .  The e x p e r im e n ta l  d a t a  f o r  th e  a l k y l  io d i d e s  a r e  ta k e n  from 
r e f e r e n c e s  1 , 19 and 25 o f  th e  t e x t ;  th o s e  f o r  io d o a c e ty l e n e  a r e  ta k e n  from r e f e r e n c e s  27 and 28. 
The symbols [K ]_ d e n o te  th e  en e rg y  o f  th e  t r a n s i t i o n s  ^ r Q -* [K]n .
^See f o o t n o t e  b ,  T a b le  I I I .
s e p a r a t i o n  a r e  c o r r e c t l y  made.
F ig u r e  1 i s  a re m a rk a b le  v e r i f i c a t i o n  o f  th o s e  a s s ig n m e n ts  
w h ich  a r e  a v a i l a b l e  f o r  th e  I s  Rydberg l e v e l s  o f  m o n o h a l id e s .  In  
t u r n ,  one  m us t c o n c lu d e  t h a t  t h e  s e r i e s  o f  a s su m p tio n s  w hich le a d  
to  F ig u r e  1 i . e . , [ ( i ) ,  ( i i ) ,  ( i i i ) ,  ( a )  and (b )  ] a r e  e s s e n t i a l l y
c o r r e c t .
ty
The o n ly  s i n g l e  datum d i s c r e p a n c y  on F ig u r e  1 r e f e r s  to
CH^CjK and th e  r e s o l u t i o n  o f  t h i s  d i s c r e p a n c y  r e q u i r e s  a  r e a s s ig n m e n t
o f  t h i s  sp e c tru m .  The m ost i n t e n s e  bands  i n  t h e  I s  Rydberg sy s tem
o f  CHgC-# o c c u r  a t  6 2 .5 7 8  and 63.532kK. I f  t h e s e  a r e  ta k e n  to  be
th e  [ ' 3 / 2 ^  and C1 / 2  11  ̂ l e v e l s , ^  th e  v a l u e  o f  D^/a w hich  r e s u l t s  i s
1 .3 9 0 .  T h is  v a l u e  i s  too  low and th e  a p p r o p r i a t e l y  p l o t t e d  p o i n t
on F ig u r e  1 l i e s  be low  th e  t h e o r e t i c a l  Dg/A c u r v e .  The d i s c r e p a n c y
i s  w h o l ly  removed i f  t h e  [1 / 2 ^  l e v e l  i s  r e a s s i g n e d  to  a somewhat
w eaker  band maximum a t  63.857kK . T h is  r e a s s ig n m e n t  i s  a l s o  s t r o n g l y
23s u p p o r te d  by v i b r a t i o n a l  a n a l y s e s  o f  t h i s  band sys tem .
CONCLUSION
A s i m i l a r  ap p ro a c h  t o  n p (R ) ,  n d (R ) ,  e t c . ,  e x c i t a t i o n s  
i s  f e a s i b l e  and sh o u ld  be i n v e s t i g a t e d .  The o b se rv ed  n e a r - c o n s t a n c y  
o f  th e  exchange  i n t e g r a l  K a s  w e l l  a s  i t s  s m a l l  b u t  r a t h e r  r e g u l a r  
v a r i a t i o n s  w i t h  t h e  s u b s t i t u e n t  s i z e  and ty p e  d e s e r v e s  f u r t h e r  
s tu d y .  Such i n f o r m a t io n  c o n c e rn in g  K sh o u ld  p ro v e  im p o r ta n t  i n  
t h e  d e v ise m e n t  o f  t h e o r e t i c a l  Rydberg m o d e ls .
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CHAPTER IV.




The m e rc u r i c  h a l i d e s  a r e  c o v a l e n t  compounds w h ich  e x h i b i t
r e l a t i v e l y  h ig h  v a p o r  p r e s s u r e s  a t  am b ien t  t e m p e r a t u r e s .  T h is
f a c e t  r e n d e r s  t h e i r  a b s o r p t i o n  s p e c t r a  am enable  t o  v a p o r  p h ase
s t u d i e s  a n d ,  a s  a r e s u l t ,  a number o f  such  s t u d i e s  a r e  a v a i la b le . '* '  ^
However, t h e s e  w orks f i x a t e d  on s m a l l ,  i s o l a t e d  p o r t i o n s  o f  th e
t o t a l  sp e c tru m ; in d e e d ,  a lm o s t  a l l  o f  them a r e  co n ce rn ed  w i t h  th e
v i b r o n i c  d e t a i l s  o f  th e  48,000cm band o f  H g ^ ,  t h e  54,500cm ^
band o f  HgBr^ and th e  59,000cm  ̂ band o f  HgCJ^* The v i b r o n i c
s t r u c t u r e  i n  t h e s e  t h r e e  bands d e g ra d e s  a s  one p ro c e e d s  from H gC ^
to w ard s  H g ^ ,  a f a c t  a t t r i b u t a b l e  t o  s m a l l e r  v i b r a t i o n a l  f r e q u e n c i e s
and h o t-b a n d  b ro a d e n in g  i n  th e  s p e c t r a  o f  t h e  h e a v i e r  m o le c u le s .
D e s p i t e  t h i s ,  th e  s p e c t r a  re m a in  a d e q u a te l y  s h a rp  and v i b r o n i c  
4 7  8s t u d i e s  * * l e a v e  l i t t l e  doub t t h a t  th e  e l e c t r o n i c  t r a n s i t i o n s  i n  
q u e s t i o n  a r e  e l e c t r i c - d i p o l e  a l lo w e d  and t h a t  th e  m o le c u le s  a r e  
l i n e a r  i n  th e  two com bin ing  s t a t e s ;  th e y  a l s o  s u g g e s t  t h a t  th e  same 
e l e c t r o n i c  t r a n s i t i o n  may be r e s p o n s i b l e  i n  a l l  c a s e s .  T h is  
t r a n s i t i o n  i s  th o u g h t  t o  be
4 1 +  3 * 1  +—  (tt ) ; 1 -* . ..(tt ) (tt );
g g g y u '  u
A s m a t t e r in g  of o t h e r  r e f e r e n c e s  e x i s t s ;  t h e s e  r e f e r  t o  
v a r i o u s  a d d i t i o n a l  f e a t u r e s  o f  t h e  e l e c t r o n i c  s p e c t r o s c o p y  o f  th e s e  
m o le c u le s .  However, no a t t e m p t  t o  a s s i g n  R ydberg  s p e c t r a  seems to
be a v a i l a b l e .
The Rydberg t r a n s i t i o n s  o f  th e  m e r c u r ic  h a l i d e s  a r e  o f
i n t e r e s t  f o r  a number o f  r e a s o n s .  The p h o t o e l e c t r o n  s p e c t r a  o f
th e s e  compounds exhibit'*''*' f i v e  t i g h t l y - b u n c h e d ,  lo w -e n e rg y  i o n i z a t i o n s
12i n  th e  same e n e rg y  r e g i o n  w here th e  m e th y l  h a l i d e s  e x h i b i t  o n ly
two. Hence, the  Rydberg s p e c t r a  o f  th e  m e rc u r i c  h a l i d e s  sh o u ld  be
v e r y  much more c o m p lic a te d  than  th o s e  o f  th e  m e th y l h a l i d e s  and i t
13i s  o f  i n t e r e s t  t o  i n v e s t i g a t e  th e  u t i l i t y  o f  c o r r e l a t i v e  m ethods 
i n  making a s s ig n m e n ts  o f  them. F u r th e rm o re ,  t h e s e  f i v e  i o n i z a t i o n s ,  
i n  H g C ^  and H g B ^ ,  lead*-*- t o  t h e  c a t i o n i c  s t a t e s ,  c i t e d  i n  o r d e r  
o f  i n c r e a s i n g  e n e rg y
%2g K 2tTV2g < ^ 2 u  < 2tTV2u < \
S in c e  th e  " c a t i o n i c  h o le "  p o s s e s s e s  a p - ty p e  h a l o g e n ic  p a r e n t a g e  i n  a l l  
f i v e  i n s t a n c e s  b u t  i s  q u a s i - . l o c a l i z e d  on t h e  s i n g l e  h a lo g e n  c e n t e r  i n  
th e  m e th y l h a l i d e s  and c e r t a i n l y  d e l o c a l i z e d  o v e r  two such  c e n t e r s  
i n  t h e  m e rc u r ic  h a l i d e s ,  i t  was o f  i n t e r e s t  t o  a s c e r t a i n  what d i f ­
f e r e n c e s ,  i f  a n y ,  t o  w h ich  such d e l o c a l i z a t i o n  would le a d .
The f i r s t  f o u r  c a t i o n i c  s t a t e s  o f  HgX^ c o r re s p o n d  to  th e
2 2 +
an<3 Ey 2  c a t *oni c s t a t e s  o f  CH^X s p l i t  i n t o  t h e i r  ( g ,u ) - c o m -
p o n e n ts  i n  t h e  p o in t  group  by r e s o n a n c e  i n t e r a c t i o n s  ( i . e . ,  by
d e l o c a l i z a t i o n  e f f e c t s ,  a s  p r e v i o u s l y  d e s c r i b e d ) .  The f i f t h  c a t i o n i c
+  2 < s t a t e  o f  HgX2 , th e  Eu s t a t e ,  c o r r e s p o n d s  t o  rem oval o f  an  e l e c t r o n
from a a o r b i t a l  w hich  i s  n e a r l y  n o n -b o n d in g ,  l a r g e l y  l o c a l i z e d  on
th e  h a lo g e n s ,  and m o s t ly  o f  p - t y p e .  The c o r r e s p o n d in g  c a t i o n i c  s t a t e
+ 2
o f  CH^X , A^, i s  q u i t e  d i f f e r e n t  i n  c h a r a c t e r  s in c e  i t  c o r r e s p o n d s
t o  rem ova l o f  an  e l e c t r o n  from a s t r o n g l y  bo n d in g  a-MO w h ich  a l s o
h a s  l a r g e  a m p l i tu d e  on t h e  c a rb o n  c e n t e r .  The s p i n - o r b i t  s p l i t t i n g  
“I"
i n  Hgl^ i s  l a r g e r  th a n  th e  r e s o n a n c e  s p l i t t i n g  o f  th e  g and u s t a t e s .  
As a r e s u l t  t h e  o r d e r  o f  c a t i o n i c  s t a t e  e n e r g i e s  i n  Hgl* d i f f e r s
J .  +
from  th o s e  i n  H gC ^  and Hglfr^ and i s
2 " 3 / 2 g  < S 2 u *= 2 " V 2 g  < S 2 u  < u
These  d i f f e r e n c e s ,  v i s - a - v i s  th e  CH^X+ e n t i t i e s ,  sh o u ld  le a d  t o
o b s e r v a b le  e f f e c t s  i n  th e  Rydberg s p e c t r a  o f  HgX2  m o le c u le s .
C o r r e l a t i v e  means o f  a s s i g n i n g  lo w -e n e rg y  Rydberg
13
t r a n s i t i o n s  h as  been  d ev e lo p e d  r e c e n t l y .  They a r e  based  on th e  
e q u a t i o n
v 0 ( 1  ) = A 0T. + B „n-fc' x  nJL x  nJL
t  h
w here  vnj0 ( ^  i s  t h e  e n e rg y  o f  t h e  n Rydberg member o f  th e  s e r i e s
o f  ty p e  A (j£ = s ,  p ,  d ,  . . . )  w h ich  c o n v e rg e s  on t h e  s p e c i f i c  i o n i -
2 2
z a t i o n  p o t e n t i a l  1 ^ ( e . g . ,  I (  E ^ 2 > o r  I (  Ey £  i n  th e  c a s e  o f  m e th y l 
h a l i d e s )  ; and A ^  and B ^ a r e  p a r a m e te r s  d e te rm in e d  from a c o r r e ­
l a t i v e  s tu d y  o f  th e  Rydberg bands i n  th e  r a r e  g a s e s  and v a r i o u s  
m o n o h a l id e s .
The u s u a l  way o f  a s s i g n i n g  Rydberg t r a n s i t i o n s  i s  based  
on th e  R ydberg  e q u a t io n
w here R i s  th e  Rydberg c o n s t a n t ,  6  , i s  a quantum d e f e c t  and 
q u a n t i t y  n *  = ( n -  6 ^  x ) i s  th e  e f f e c t i v e  quantum number.
However, t h e  u se  o f  Eq. 4 a s  a t o o l  f o r  a s s ig n m e n ts  
i m p l i e s  t h e  a v a i l a b i l i t y  o f  c o p io u s  h i g h - r e s o l u t i o n  
d a t a  f o r  t h e  s p e c i f i c  m o le c u le  o f  i n t e r e s t .  As a r e s u l t ,  t h e  
Rydberg e q u a t i o n  i s  o f  l i t t l e  u se  i n  t h e  a n a l y s i s  o f  s p e c t r a  
w hich  e x h i b i t  p o o r  r e s o l u t i o n  and ,  ev en  i n  s p e c t r a  w h ich  a r e  
h i g h l y  r e s o l v e d ,  i t s  u se  f o r  th e  a s s ig n m e n t  o f  th e  low er members 
o f  Rydberg s e r i e s  r e q u i r e s  v e r y  e l a b o r a t e  p r o c e d u r e s .  In  
c o n t r a s t ,  th e  c o r r e l a t i v e  a p p ro a c h  i s  n o t  r e s t r i c t e d  t o  m o le c u la r  
s p e c t r a  w hich  a r e  h i g h l y  r e s o l v e d ;  i t  may a l s o  be a p p l i e d  to  th e  
s p e c t r a  o f  r e l a t e d  m o le c u le s ,  ev en  i f  th e s e  i n d i v i d u a l  s p e c t r a  
e x h i b i t  o n ly  a few r e s o l v e d  b a n d s .  F u r th e rm o re ,  th e  c o r r e l a t i v e  
u t i l i t y  o f  E q u a t io n  3 i s  g r e a t e s t  f o r  s m a l l  n ,  p r e c i s e l y  where 
t h e  u t i l i t y  o f  th e  Rydberg e q u a t i o n  i s  l e a s t ;  i t s  u t i l i t y  a t  l a r g e  
i s  m in im a l,  w here th e  Rydberg e q u a t i o n  a t t a i n s  g r e a t e s t  
p r e c i s i o n .
The c o n c e rn s  o f  th e  p r e s e n t  work a r e  n o t  v e s t e d  i n  th e
r e l a t i v e  m e r i t s  o f  t h e  c o r r e l a t i v e  and Rydberg a p p ro a c h e s  v i s - a - v i s
13e l e c t r o n i c  a s s ig n m e n ts .  T h is  t o p i c  h a s  been  d i s c u s s e d  a l r e a d y .
The p e r t i n e n t  c o n t e n t  o f  t h i s  work c o n c e rn s  t h e  f o l l o w in g  q u e s t i o n s
( i )  The r e s o l u t i o n  i n  th e  m e rc u r i c  h a l i d e  s p e c t r a  f o r  
n s  5 i s  i n a d e q u a te  f o r  p r o p e r  use  o f  th e  Rydberg e q u a t i o n .  Hence, 
t h e  q u e s t i o n :  In  a s i t u a t i o n  w here t h e  a p p ro a c h  b ased  on th e
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R ydberg  e q u a t i o n  m ust n e c e s s a r i l y  f a i l ,  can  th e  c o r r e l a t i v e  ap p ro a c h  
l e a d  t o  m e a n in g fu l  a n a l y s i s ?
( i i )  The m e rc u r i c  h a l i d e  s p e c t r a  a r e  c o m p l ic a te d .  G iven 
f i v e  d i f f e r e n t  i o n i z a t i o n  p o t e n t i a l s  o f  low e n e rg y  and t h r e e  s e r i e s  
(j& = s ,  p ,  d )  f o r  e a c h  o f  t h e s e ,  t h e  r e s u l t a n t  s p e c t r a ,  a s  a b a r e  
minimum, sh o u ld  e x h i b i t  f i f t e e n  d i f f e r e n t  s e r i e s .  Hence, th e  
q u e s t i o n :  Can t h e  c o r r e l a t i v e  ap p ro a c h  h a n d le  such  a c o m p lic a te d
s i t u a t i o n ?
( i i i )  The c o e f f i c i e n t s  and % o f  Eq. 3, a s  deduced from 
r a r e  g a s  o r  m onoha lide  d a t a ,  w ere found to  be in d e p e n d e n t  o f  1 ,
X
However, f o r  any  o f  t h e s e  s p e c i e s  o n ly  two d i f f e r e n t  i ' s  were
X
p e r t i n e n t  t o  t h e  w hole  o f  t h e  a n a l y s i s .  Hence, t h e  q u e s t i o n :
W i l l  t h e  in d e p e n d e n c e  o f  A ^  and on I  a p p ly  w here th e  Rydberg
s p e c tru m  i s  d e f in e d  n o t  by two b u t  by f i v e  d i f f e r e n t  v a l u e s  o f  I  ?
x
T h is  l a s t  q u e s t i o n  i s  p o s s i b l y  to o  b ro ad  and i s  b e t t e r  b ro k en  i n t o
two p a r t s :  ( a )  F o r  1^ = I ( 2 TT3/ 2g) ,  K 2’nl/2g') > I^'n3/2u) and ^ ^ l y ^ u ^ ’
w i l l  th e  i o n i z a t i o n  p o t e n t i a l s  c a l i b r a t e  th e  r e s o n a n c e  i n t e r a c t i o n s  o f
th e  two h a lo g e n s  a s  t h e s e  m a n i f e s t  th e m s e lv e s  i n  th e  a b s o r p t i o n
2
sp ec tru m ?  (b )  F or  1^ = l (  2 u) w i l l  th e  c o r r e l a t i o n  l i n e s  p e r t i n e n t  to
2 2P and E t c a t i o n i c  s t a t e s  o f  r a r e  g a s e s  and m e th y l  h a l i d e s ,  
r e s p e c t i v e l y ,  be a t  a l l  r e l e v a n t ?  In  o t h e r  w o rd s ,  i s  t h e r e  a
d ep en d en ce  o f  c o r r e l a t i o n  l i n e  on th e  n a t u r e  o f  th e  p o s i t i v e  
c a t i o n i c  " h o le ? "
( i v )  The o r b i t a l s  o f  odd i n v e r s i o n  symmetry a r e  X-Hg 
b o n d in g  w h ereas  th o s e  o f  ev en  i n v e r s i o n  symmetry a r e  n o t .  T h is  
g ro u p  t h e o r e t i c a l  c o n c l u s i o n  i s  i n  f u l l  a cc o rd  w i th  th e  p h o to e l e c t r o n
s p e c t r a  i n  w hich  a l l  I  bands  have l a r g e r  h a l f - w i d t h  th a n  th e
I  b a n d s . ^  Hence, th e  q u e s t i o n :  W i l l  s i m i l a r  h a l f - w i d t h  cha ra
6
t e r i s t i c s  show up i n  t h e  Rydberg bands  c o n v e rg in g  on I u and I  , 
r e s p e c t i v e l y ?
EXPERIMENTAL
S p e c t r a  w ere r e c o rd e d  f o r  a l l  compounds i n  th e  v a p o r  p h a s e .
These s p e c t r a  a r e  g iv e n  i n  F ig u r e s  1 th ro u g h  3. The te m p e ra tu r e  o f
th e  sam ple  was a d j u s t e d  so t h a t  t h e  v a p o r  p h ase  c o n c e n t r a t i o n  p ro v id e d
th e  maximal a t t a i n a b l e  r e s o l u t i o n .  These te m p e r a tu r e s  a r e  n o te d ,  f o r
v a r i o u s  s p e c t r o s c o p i c  r a n g e s ,  on F ig u re s  1 th ro u g h  3. The v e r t i c a l
s c a l e  on F ig u r e s  1  th ro u g h  3 i s  i n  o p t i c a l  d e n s i t y ,  lo g  I  / I ,  u n i t s .
Hence, t h e  i n f o r m a t i o n  o f  F ig u r e s  1 th ro u g h  3, when co u p led  w i th
1 ̂  15v a p o r  p r e s s u r e / t e m p e r a t u r e  d a t a  a v a i l a b l e  i n  th e  l i t e r a t u r e ,  * 
i s  a d e q u a te  f o r  th e  g e n e r a t i o n  o f  a b s o l u t e  e x t i n c t i o n  c o e f f i c i e n t s .
The s p e c t r o m e te r  used was a McPherson 1 m e te r  s c a n n in g  
in s t r u m e n t  (model 2 2 5 ) .  The sample c e l l  l e n g t h  was 10cm and was 
h e a t e d  to  th e  d e s i r e d  te m p e r a tu r e  by means o f  s h i e l d e d  r e s i s t a n c e  
w i r in g  embedded i n  th e  w a l l s .
The m e rc u r i c  h a l i d e s  were o b ta in e d  from v a r i o u s  s u p p l i e r s :  
H g l^ ,  F i s h e r  C e r t i f i e d  R e a g e n t ;  H g B ^ ,  B & A R e a g e a n t ; HgCJ^j 
M a l l i n c k r o d t  R eagen t G rade . They w ere  used  a s  r e c e iv e d . .  S p e c t r a  
w ere r u n  a t  v a r i o u s  t e m p e r a t u r e s ,  a t  v a r i o u s  pumping s p e e d s ,  and 
a t  v a r i o u s  t im e s  on th e  same s i n g l e  sample o f  e a c h  compound. No 
e v id e n c e  o f  d e c o m p o s i t io n  was n o te d .  Nor was any e v id e n c e  o f  any 
e x p e c te d  i m p u r i ty  e v e r  d e t e c t e d .
Figure 1: Vapor phase absorption spectrum of mercuric iodide.
The p o s i t i o n s  o f  a s s ig n e d  Rydberg bands a r e  i n d i c a t e d
below  th e  sp ec tru m  by th e  v e r t i c a l  l i n e s ;  long  l i n e s
c o r re s p o n d  t o  s - b a n d s ,  medium l e n g t h  l i n e s  t o  p -b an d s
and s h o r t  l i n e s  to  d -b a n d s .  The i n t e g e r s  a d j a c e n t  t o
th e  l i n e s  a r e  th e  v a l u e s  o f  th e  in d e x  n o f  T ab le  I .
I n  th e  e v e n t  t h a t  bands  h a v in g  i d e n t i c a l  n b u t  d i f f e r e n t
JL v a l u e s  o c c u r  c l o s e  t o  one a n o t h e r ,  a s i n g l e  i n t e g e r
w i l l  s u f f i c e  t o  d e s i g n a t e  b o th  b a n d s .  I .  th ro u g h  I
•*- 5
a r e  t h e  i o n i z a t i o n  p o t e n t i a l s  o f  th e  c a t i o n i c  s t a t e s  
shown i n  2 , r e s p e c t i v e l y .
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Figure 2: Vapor phase absorption spectrum of mercuric bromide.
The p o s i t i o n s  o f  a s s ig n e d  Rydberg bands  a r e  i n d i c a t e d  
below  th e  sp ec tru m  by th e  v e r t i c a l  l i n e s ;  lo n g  l i n e s  
c o r re s p o n d  to  s - b a n d s ,  medium l e n g t h  l i n e s  t o  p -b an d s  
and s h o r t  l i n e s  t o  d -b a n d s .  The i n t e g e r s  a d j a c e n t  t o  
th e  l i n e s  a r e  th e  v a l u e s  o f  th e  in d e x  n o f  T ab le  I I .
I n  th e  e v e n t  t h a t  bands  h a v in g  i d e n t i c a l  n b u t  d i f f e r e n t  
A v a l u e s  o c c u r  c lo s e  t o  one a n o t h e r ,  a s i n g l e  i n t e g e r  
w i l l  s u f f i c e  t o  d e s i g n a t e  b o th  b a n d s .  1 ^ th ro u g h  1 ,- 
a r e  t h e  c a t i o n i c  s t a t e s  shown i n  1 , r e s p e c t i v e l y .
1 ^ i s  n o t  shown s in c e  i t  l i e s  a t  h i g h e r  e n e r g i e s  th a n  
can  be c o n v e n i e n t l y  shown.










Figure 3: Vapor phase absorption spectrum of mercuric chloride.
The p o s i t i o n s  o f  a s s ig n e d  Rydberg bands  a r e  i n d i c a t e d  
below  th e  sp e c tru m  by th e  v e r t i c a l  l i n e s ;  long  l i n e s  
c o r re sp o n d  t o  s - b a n d s ,  medium l e n g t h  l i n e s  t o  p -b an d s  
and s h o r t  l i n e s  t o  d -b a n d s .  The i n t e g e r s  a d j a c e n t  t o  
th e  l i n e s  a r e  th e  v a l u e s  o f  th e  in d e x  n o f  T a b le  I I I .
In  th e  e v e n t  t h a t  bands h a v in g  i d e n t i c a l  n b u t  d i f f e r e n t  
& v a l u e s  o c c u r  c lo s e  t o  one a n o t h e r ,  a s i n g l e  i n t e g e r  
w i l l  s u f f i c e  t o  d e s i g n a t e  b o th  b a n d s .  1^ th ro u g h  I,. 
a r e  th e  c a t i o n i c  s t a t e s  shown i n  1 , r e s p e c t i v e l y .  I  , 
and I  ' a r e  n o t  shown s i n c e  th e y  o c c u r  a t  e n e r g i e s  h ig h e r  
th a n  can be c o n v e n i e n t l y  shown.
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13The a s s ig n m e n t  p ro c e d u re  h as  been  d e t a i l e d  p r e v i o u s l y .  
B r i e f l y ,  i t  c o n s i s t s  o f  making a p l o t  o f  th e  c o r r e l a t i o n  l i n e  
v = A ^ I  + B ^  f o r  b o th  th e  r a r e  g a s e s  and th e  m e th y l h a l i d e s  on 
a n  I  v e r s u s  v g ra p h ,  v b e in g  th e  h o r i z o n t a l  a x i s .  The r e s u l t i n g  
l i n e s  a r e  r e f e r r e d  t o  a s  th e  r a r e  gas  o r  m e th y l h a l i d e  " n £ - l i n e s . "
The v a r i o u s  i o n i z a t i o n  p o t e n t i a l s  o f  th e  m e rc u r ic  h a l i d e s  a r e  sk e tc h e d  
i n  a s  h o r i z o n t a l  l i n e s  w hich  a r e  r e f e r t e d  t o  a s  " x - l i n e s . "  To th e  
e x t e n t  t h a t  th e  c o r r e l a t i o n  l i n e s  o f  e i t h e r  t h e  r a r e  g a s e s  o r  m e thy l 
h a l i d e s  a r e  a l s o  r e p r e s e n t a t i v e  o f  s i m i l a r  c o r r e l a t i o n s  f o r  th e  
m e rc u r ic  h a l i d e s ,  i t  f o l lo w s  t h a t  th e  j u n c t i o n  o f  an  x - l i n e  and a 
n A - l in e  sh o u ld  c o r re s p o n d  t o  th e  a p p ro x im a te  l o c a t i o n  o f  t h e  Rydberg 
n £ ,x -b a n d  i n  th e  sp e c tru m  of  th e  c o r r e s p o n d in g  m e rc u r ic  h a l i d e .  A 
s e a r c h  o f  th e  p e r t i n e n t  sp ec tru m  was th e n  made and i f  a f e a t u r e  
th o u g h t  t o  be Rydberg was l o c a t e d  i n  th e  p r e d i c t e d  r e g i o n ,  i t  was 
a s s ig n e d  a s  th e  nJL,x Rydberg band and was p l o t t e d  a lo n g  th e  a p p r o p r i a t e  
x - l i n e .  F ig u r e  4 was c o n s t r u c t e d  i n  t h i s  m anner. I n  F ig u r e  4 th e  
f u l l  symbols o f  th e  m e rc u r ic  h a l i d e  i o n i z a t i o n  p o t e n t i a l s  a r e  a b ­
b r e v i a t e d  by 1^, . . . ,  I<. where 1^ < 1^ <  . . .  < I  . The c o r re s p o n d e n c e  
be tw een  t h i s  l a t t e r  n o t a t i o n  and t h e  p r e v io u s  co m p le te  n o t a t i o n  f o l ­
lows from r e l a t i o n s  1 and 2 . The symbols 1^, I ^ ,  . . . ,  a r e  a l s o  used  
i n  F ig u r e s  1 th ro u g h  3 and T a b le s  I  th ro u g h  I I I .
The I s  Rydberg a s s ig n m r n t s  f o r  t h e  m e rc u r i c  h a l i d e s  a r e  
a lm o s t  c o i n c id e n t  w i th  t h e  m e thy l h a l i d e  I s  c o r r e l a t i o n  l i n e  and
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F ig u r e  4 :  The c o r r e l a t i o n  be tw een  t h e  e n e r g i e s  o f  n s ,  np and nd
R ydberg  t r a n s i t i o n s  and 1^ th ro u g h  I,. o f  m e rc u r i c  
h a l i d e s .  The h o r i z o n t a l  l i n e s  d e n o te d  by 1^ th ro u g h  
I,. c o r re s p o n d  t o  th e  m o le c u la r  i o n i z a t i o n  p o t e n t i a l s  
f o r  th e  t h r e e  m o le c u le s .  The e x p e r im e n ta l  p o i n t s  f o r  
Hgl^ a r e  shown by c i r c l e s ,  f o r  H gB ^ by s q u a r e s ,  and 
f o r  H g C ^  by t r i a n g l e s .  The s o l i d  l i n e s  a r e  th e  r a r e  gas 
c o r r e l a t i o n  l i n e s  o f  r e f e r e n c e  13; th e  dashed  l i n e s  
a r e  th e  m e th y l  h a l i d e  c o r r e l a t i o n  l i n e s  o f  r e f e r e n c e  
13, and th e  lo n g  d a s h - s h o r t  d a s h  l i n e  i s  t h a t  o f  
t h e  Rydberg e q u a t i o n  when n*  = 2.
Freq. (kK) ------------->
somewhat d e v i a n t  from th e  r a r e  g as  I s  c o r r e l a t i o n  l i n e .  The l e a s t -  
s q u a r e s  e s t i m a t e  o f  Alg  and Blg  from  th e  m e rc u r ic  h a l i d e s  l s (R )  a s ­
s ig n m e n ts  y i e l d s  Alg  =* 1 and Blg  =“ -  R /4 .  These v a l u e s  o f  th e  s lo p e  
and i n t e r c e p t  o f  Eq. 3 can  be d e r iv e d  from Rydberg e q u a t io n  4 by 
a s su m in g  th e  e f f e c t i v e  quantum number h as  v a lu e  n*  =  2  f o r  a l l  
l s ( R )  m e rc u r i c  h a l i d e  bands  o r ,  a l t e r n a t i v e l y ,  t h a t  th e  quantum 
d e f e c t  6 = 1  f o r  a l l  l s (R )  a s s ig n m e n ts  o f  HgX« m o le c u le s .  S in ce
I S  ,  X
t h e  n s ( R ) - t r a n s i t i o n s  a r e ,  a s  a r u l e ,  t y p i f i e d  by quantum d e f e c t s  
o f  t h e  u n i t y  v a l u e ,  t h e  f i n d i n g  o f  6 . = 1  f o r  m e rc u r ic  h a l i d e s
1 S  ̂X
l s ( R )  bands  s u p p o r t s  o u r  a s s ig n m e n ts .  The o n ly  s i n g l e  d i s t u r b i n g
f a c t o r  r e l a t e s  t o  t h e  f a c t  t h a t  th e  48 ,000cm "1 band o f  H gl 2  l i e s  on
t h e  i n t e r s e c t i o n  o f  th e  1 ^ x - l i n e  o f  H g l 2  and l s - l i n e  o f  t h e  r a r e  gas
w h e re a s  th e  59,000cm 1  band o f  HgCi»2  and th e  54,500cm 1  band of
HgBr2 , w i th  w hich  th e  48,000cm  1  band o f  H gl 2  i s  supposed  t o  be
4 7 8i d e n t i c a l  i n  a c o n f i g u r a t i o n a l  s e n s e ,  * ’ a r e  n o t  i n t e r p r e t a b l e  
a s  R ydberg t r a n s i t i o n s .  Thus, we must suppose  e i t h e r  t h a t  th e  
p r e v i o u s l y  im pu ted  e l e c t r o n  c o n f i g u r a t i o n a l  i d e n t i t y  o f  t h e s e  t h r e e  
band sy s tem s  i s  wrong o r  t h a t  th e  48,000cm 1  band o f  H gl 2  c o n t a in s  
two d i s t i n c t  e l e c t r o n i c  t r a n s i t i o n s .  We p r e f e r  the  l a t t e r  a s s e r t i o n .
The lp(R) and ld (R )  s e r i e s  members u s u a l l y  l i e  i n t e r m e d i a t e  
t o  t h e  c o r r e s p o n d in g  m e th y l h a l i d e  and r a r e  gas  c o r r e l a t i o n  l i n e s .  
C o n s e q u e n t ly ,  t h e i r  a s s ig n m e n t  does  n o t  a p p e a r  t o  be d o u b t f u l .
These  d a t a  e x h i b i t  th e  i n t e r e s t i n g  p r o p e r t y  o f  co n v erg en ce  a t  low I ,  
s u g g e s t i n g  a p o s s i b l e  i n v e r s i o n  o f  e n e r g i e s  i n  a s t a t i d e  compounds. 
T h is  c o n v e rg e n ce  a n d ,  f i n a l l y ,  i n v e r s i o n  i s  n o t  un ex p ec ted  s in c e  
t h e  f i r s t  v i r t u a l  p - o r b i t a l  m ust a lw ays  rem a in  e x t r a - c o r e  w h ereas
t h e  f i r s t  v i r t u a l  d - o r b i t a l  a t t a i n s  more i n f r a - c o r e  c h a r a c t e r  a s
one p r o g r e s s e s  t o  h ig h e r  a to m ic  numbered h a lo g e n s .
A l l  m e rc u r ic  h a l i d e  n4(R) a s s ig n m e n ts ,  made f o r  n £ 2,
a r e  c o n c id e n t  w i t h  t h e  r a r e  gas  and m e thy l h a l i d e  c o r r e l a t i o n  l i n e s .
U n f o r t u n a t e l y ,  l i n e  c o n v e rg e n c ie s  make i t  d i f f i c u l t  t o  d i s t i n g u i s h
be tw een  np and nd l i n e s  f o r  n ^  3 and th e  b u n ch in g  o f  c o r r e l a t i o n
l i n e s  makes a s s ig n m e n ts  f o r  n >  5 d i f f i c u l t .  T h is  l a t t e r  r e s t r i c t i o n
t e r m i n a t e s  a s s ig n m e n t  c a p a b i l i t y  a t  ~72,000cm  ^ f o r  low I  and
102,000cm f o r  l a r g e  I  . However, t h e  s p e c t r o s c o p i c  r e s o l u t i o n
x
i n  F ig u r e s  1 th ro u g h  3 becomes in a d e q u a te  a t  ~85 ,000cm  ^ and p r o ­
h i b i t s  u se  o f  th e  h ig h e r  f r e q u e n c y  r a n g e .
The a s s ig n m e n ts  o f  F ig u r e  4 a r e  sch e m a tiz e d  on F ig u re  1 
th ro u g h  3 and t a b u l a t e d  i n  T a b le s  1(A) th ro u g h  I I I ( A ) ,  In  th e s e  
T a b le s  th o s e  band f r e q u e n c i e s ,  w h ich  a r e  c o l l e c t e d  i n  a column 
l a b e l e d  by a r e  assumed t o  b e lo n g  to  members o f  n X - s e r i e s  
c o n v e rg in g  on 1^ i o n i z a t i o n  l i m i t .  The v a l i d i t y  o f  t h i s  a s su m p tio n  
i s  d e m o n s t ra te d  i n  th e  n e x t  s e c t i o n .
TABLE 1(A)
ASSIGNMENT OF RYDBERG TRANSITIONS IN 
MERCURIC IODIDE3
n
S 1 S 2 S3 S4 S5
1 47 939 51 948 54 347 55 549 63 091
2 64 977 6 8  213 69 735 72 046 7 8  989
3 69 930 73 801 75 131 77 101 84 246
4 72 307 76 394 A/
5 73 636 <v 78 989 80 873 A#
n p l p 2 P3 P4 P5
1 58 513 62 247 63 331 65 470 72 046
2 /V A/ 72 939 74 850 81 867













n d l d 2 d 3 d 4 d 5
1 A/ 63 191 64 817 6 6  489 74 460
2 ✓AS A/ 73 475 74 990 82 237
3 /V 75 358 76 423 78 480 A/
4 73 206 A/ 78 480 A» A/
5 •V A^ A* /AS
00 76 621 81 945 80 654 83 880 91 059
3 “ 1A l l  t r a n s i t i o n  e n e r g i e s  a r e  c i t e d  i n  wavenumbers ( i . e . ,  era ) and a r e
d en o te d  by nj? w here n = 1 , 2 , 3 , 4 , 5  and i = s , p  and d and x = 1 , 2 , 3 ,K
4 and 5. The v a l u e s  f o r  n ~ 0 0  a r e  t h e  i o n i z a t i o n  p o t e n t i a l s  I  ;
X
11
t h e s e  a r e  t a k e n  from E lan d .
TABLE 1(B)
QUANTUM DEFECTS AND FIRST DIFFERENCES^ OF Hgl2 RYDBERG ASSIGNMENTS
S 1 S 2 S3 £4 S5n n* An* n* An* n* An* n* An* n * An*
i 1 .9 6 1 .91 2 .0 4 rw 1 .97 rw 1 .9 8
2 3 .07 1 . 1 1 2 .8 2 .9 1 3 .1 7 1 .1 3 3 .0 4 1.07 3 .01 1 .0 3
3 4 .0 5 0 .9 8 3 .67 .8 5 4 .4 6 1 .29 4 .0 2 0 .9 8 4 .0 1 1 . 0 0
4 5 .0 4 0 .9 9 4 .4 4 .77 /V /V /V r w
5 6 .0 6 1 . 0 2 rw (V 8 . 1 2 3 .66 6 . 0 2 2 . 0 0 ~  j /V
pl p 2 P3 p4 P5n n* An* n* An* n* An* n* An* n* An*
i 2 .4 6 /V 2 .3 6 /V 2 .5 2 > w 2 .4 4 t 2 .4 0 rw
2 /V
(V 3 .77 1 .2 5 3 .4 8 1 .0 4 3 .4 5 1 .0 5
3 rw YV 4 .0 7 1.71 5 .09 1 .3 2 4 .5 0 1 . 0 2 r w rw
4 5 .4 5 <V 4 .6 6 0 .5 9 6 .7 5 1 . 6 6 5 .49 0 .9 9 5 .42 1.97
5 rv (V /V rw rw rw r w  •
d, d d d . d_
1 2 3 4 5n n* An* n* An* n* An* n* An* n* An*
i /V TV 2 .4 2 r w 2 .6 3 /V 2 .5 1 2 .57
2 /V
/V /V 3 .9 1 1 .2 8 3 .51 1 . 0 0 3 .5 2 0 .9 5
3 / V r w 4 .07 1 .6 5 5 .09 1 .1 8 4 .5 0 0 .9 9 r w rw
4 6 . 0 2 / V /V 7 .1 0 2 . 0 1 rw r w r w
3  IvQuantum d e f e c t s  were o b ta in e d  from v = I  -   r  ; - f i r s t  d i f f e r e n c e s  were
( n * r
o b ta in e d  from An* = n *n+^ “ n *n w here n i s  t h e  quantum number used  i n  th e  
T ab le ; i n  some c a s e s  w here  d a t a  i s  m iss in g ,  An* = nn+£ " n *n w here i  = 2 , 3 .
TABLE 11(A)
ASSIGNMENT OF RYDBERG TRANSITIONS IN 
MERCURIC BROMIDE®
n
S 1 S 2 S3 S4 S5
1 57 306 60 827 62 893 65 531 70 274
2 Aw 76 336 7 8  003 80 613 85 106
3 78 740 81 433 83 333 8 6  147 AW
4 81 235 A / AW AW
5 82 610 85 470 87 336 AW AW
n
P 1
P2 p3 p4 P5
1 6 6  622 69 324 70 821 74 516 78 247
2 76 278 79 302 81 033 AW AW
3 80 321 83 056 84 674 87 336 AW
4 81 900 84 631 A / AW AW
5 /V /V A / AW AW
n d, d„ do d . d c
1 2 3 4 5
1 A<r 71 788 72 622 76 523 81 235
2 76 864 79 554 81 632 84 631 AW
3 80 321 83 056 AW AW
4 82 237 A^ AW AW
5 /V /V Aw AW AW
CO 85 655 8 8  397 90 333 93 075 97 511
aSee footnote to Table 1(A).
TABLE 11(B)
QUANTUM DEFECTS AND FIRST DIFFERENCES^ OF HgBr2 RYDBERG ASSIGNMENTS
S 1 S 2 S3 S4 S5n
n* An* n* An* n *  An* n* An* n*  An*
i 1 .97 r w 1 .99 r w 2 . 0 0  ~ 2 . 0 0 r w 2 . 0 1  ~
2 r w 3 .0 2 1 .0 3 2 .9 8  0 .9 8 2 .9 7 0 .97 2 . 9 7  0 -96
3 3 .9 8 2 . 0 1 3 .97 0 .9 5 3 .9 6  0 .9 8 3 .9 8 1 . 0 1 r w  ^
4 4 .9 8 1 . 0 0 r w r w r w r w r w  r w
5 6 . 0 0 1 . 0 2 6 . 1 2 2 .1 5 6 .0 5  2 .0 9 r w r w r w  r w
P 1 P 2 P3 P4 P5n
n* An* n* An* n*  An* n* An* n*  An*
i 2 .4 0 r w 2 .40 r w 2 .37 2 .4 3 r w 2 .3 9
2 3 .42 1 . 0 2 3 .47 1 .07 3 .4 4  1 .07 r w r w r w  r w
3 4 .5 4 1 . 1 2 4 .5 3 1 .0 6 4 .4 0  0 .9 6 4 .37 1 .9 4 r w  r w
4 5 .41 0.87 5 .4 0 0 .87 r w  r w r w r w r w  r w
5 r w r w r w r w r w  r w r w r w r w  r w
' d, d„ d„ d. d„
n 1 2 3 4 5n* An* n* An* n *  An* n * An* n *  An*
1
r w 2.57 2 .4 9 2 .57 r w 2 .6 0  ~
2 3 .5 3 r w 3 .5 2 0 .9 5 3 . 5 5  1 -06 3 .6 0 1 .0 3 r w  r w
3 4 .5 4 1 . 0 1 4 .5 3 1 . 0 1 r w  r w r w r w r w  r w
4 5.67 1 .1 3i r w r w r w  ~ r w r w r w  r w
5 A / r w r w r w  ~ r w r w r w  f y
3  See f o o t n o t e  t o  T ab le  1 (B ).
TABLE 111(A )
RYDBERG ASSIGNMENTS IN MERCURIC CHLORIDE3
n
•
S 1 s 2 S3 ,4 S5
1 64 200 65 189 69 6 8 6 75 358
2 79 365 80 515 85 .616 rw
3 84 746 85 .616 rw rw
4 87 260 yv rw rw
5 /V rw
n p l p 2 P3 ,4 P5
1 72 150 7  8  003 83 056
2 82 338 83 403 rw rw









n d l d 2 d 3 ,4 d 5
1 /W 81 466 8 6  543
2 83 056 83 893 rw rw
3 8 6  415 87 260 rw rw
4 /V rw rw rw
5 rv /V rw rw
00 91 704 92 753 97 834 102 7 54
aSee footnote to Table 1(A).
TABLE III(B)
QUANTUM DEFECTS AND FIRST DIFFERENCES^ OF H g C ^  RYDBERG ASSIGNMENTS
n S 1 S 2 S3 ,4 S5n *  An* n*  An* n*  An* n *  An*
1 2 . 0 0  ~ 2 . 0 0  ~ 1 .97 ~ 2 . 0 0  ~
2 2 .9 8  .9 8 2 .9 9  0 .9 9 3 .0 0  1 .0 3 r w  r w
3 3 .9 7  .99 3 .9 2  0 .9 3 r w  r w r w  r w
4 4 .9 7  1 . 0 0 ~  r w r w  r w r w  r w
5 ^  r w r w  r w r w  r w
n P 1 P 2 p 3 .4 P5
n*  An* n *  An* n*  An* n* An*
1 2 .3 7  ~ r w  r w 2 .3 5  ~ 2 .3 6  ~




4 .5 0  1 .0 8  
A r f  A /
4 .4 1  .9 8
~  r w  
~  r w
r w  r w  
r w  r w  
r w  a /
r w  r w  
r w  r w  
r > /  r w
n d l V d 3 .4 d 5n*  An* n* An* n*  An* n*  An*
1 r w  r w r w  r w 2 .5 9  ~ 2 .6 0  ~
2 3 .5 6  ~ 3 .5 2  ~ r w  r w r w  r w
3 4 .5 6  ~ 4 .4 7  .9 5 r w  r w r w  r w
4 r w  r w r w  r w r w  r w r w  r w
5 r w  r w
t ■ ■ ■ - ___
r w  r w r w  r w r w  r w




The e f f e c t i v e  quantum number n *  = n - 6  . i s  d e f in e d  bynJu, x
Eq. 4 and i t  f u r n i s h e s  an  in d e p e n d e n t  check  on th e  a s s ig n m e n ts  made 
13h e r e .  W i th in  a g iv e n  Rydberg s e r i e s ,  th e  v a l u e s  o f  th e  quantum d e ­
f e c t  v a r y  w i t h  n .  U s u a l ly ,  how ever, t h e s e  v a r i a t i o n s  o f  6  . a r ex
n o t  to o  l a r g e  and r a t h e r  r e g u l a r  ( i . e . ,  6 ^  ^  e i t h e r  i n c r e a s e s  o r  
d e c r e a s e s  w i t h  i n c r e a s i n g  n f o r  sm a l l  v a l u e s  o f  n and a p p ro a c h e s  
c o n s ta n c y  f o r  l a r g e  v a l u e s  o f  n ) . As a co n seq u en c e ,  th e  f i r s t  
d i f f e r e n c e s ,  An*, be tw een  t h e  e f f e c t i v e  quantum numbers o f  s u c c e d in g  
members o f  th e  same s e r i e s  have  v a l u e s  v e r y  c l o s e  t o  u n i t y .
V a lu es  o f  n* and An a r e  g iv e n  i n  T a b le s  1 (B ) ,  1 1 ( B ) ,  and 
I I I ( B )  f o r  a l l  a s s ig n e d  Rydberg bands o f  H g ^ ,  H gB ^  and HgCJ^, 
r e s p e c t i v e l y .  As s e e n ,  a l l  s e r i e s  i n  HgC.^ an d H gB ^  hehave a s  
e x p e c t e d .  So a l s o  do a l l  s e r i e s  i n  H g ^  e x c e p t  th o s e  w hich 
t e r m i n a t e  on and The v a lu e  o f  An* f o r  t h e  d e v i a n t  s e r i e s
t e r m i n a t i n g  on ^  i s  o b se rv e d  t o  d e c r e a s e  a s  n i n c r e a s e s ,  w hereas  
a n  o p p o s i t e  b e h a v io r  i s  o b se rv ed  fo r  s e r i e s  t e r m i n a t i n g  on 1^. Some 
p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  p a t h o l o g i c a l  b e h a v io r  a r e  g iv e n  be low :
( a )  T here  i s  e r r o r  i n  th e  Rydberg a s s ig n m e n ts  o f  
t h e s e  two s e r i e s .  The s t r o n g e s t  argum ent c o n t r a  t h i s  s u p p o s i t i o n  
i s  t h a t  d e v i a t i o n s  o f  An* from u n i t y  a r e  s y s t e m a t i c  and no t  
random and t h a t  no such  d e v i a t i o n s  a r e  o b se rv ed  i n  a l l  o t h e r  
s e r i e s  f o r  w h ich  a n a l y s i s  h as  been  a t t e m p te d .
(b )  The v a l u e s  o f  and f o r  H g ^  a r e  i n  e r r o r .
The f a c t  t h a t  com parab le  d e v i a t i o n s  a r e  found w i t h i n  th e  t h r e e
s e r i e s  P 2  and d^ w hich  t e r m in a t e  on 1^ and w i t h i n  th e  t h r e e
s e r i e s  s ^ ,  P^ and d^ w h ich  t e r m i n a t e  on s u g g e s t s  t h a t  th e
2
i o n i z a t i o n  p o t e n t i a l s  l e a d in g  to  t h e  c a t i o n i c  s t a t e s  n 3 /2 u anc*
2
rr-|y2 g may be i n  e r r o r .  I n  t u r n ,  b e c a u se  o f  th e  s e n s i t i v i t y  o f  
n*  t o  t h e  v a l u e  o f  th e  i o n i z a t i o n  p o t e n t i a l ,  i t  i s  a r e l a t i v e l y  
e a s y  m a t t e r  t o  a d j u s t  t h i s  l a t t e r  v a l u e  so t h a t  th e  f i r s t  d i f ­
f e r e n c e s  o f  n*  ( i . e . ,  An*) a r e  u n i t y .  Such a d ju s tm e n t  r e q u i r e s  
t h a t  t h e  c i t e d  v a l u e  o f  be red u ce d  by 0 .14eV  and th e  c i t e d  
v a l u e  o f  1^ be i n c r e a s e d  by 0 . l7 e V .  We a r e  r e l u c t a n t  t o  s u g g e s t  
t h a t  th e  p u b l i s h e d  v a l u e s  o f  and a r e  i n  e r r o r  by such  a 
l a r g e  am ount.
( c )  A t h i r d  p o s s i b i l i t y ,  and i n  some ways th e  most
p l a u s i b l e ,  i s  conce rned  w i th  i n t e r a c t i o n s  o f  th e  s e r i e s  t e r m i n a t i n g
on I 2  and w i th  eac h  o t h e r  o r  w i t h  some t h i r d  s e t  o f  s t a t e s .
2
T h is  s u p p o s i t i o n  i s  su g g e s te d  by th e  f a c t  t h a t  th e  n 3 /2 u  r e *-a t e t^
2
s t a t e s  l i e  w i t h i n  0 .16eV  o f  th e  TTl / 2 g r e l a tec* s t a t e s  and t h a t  
t h e s e  two s e t s  o f  s t a t e s  have " c r o s s e d  o v e r"  e a c h  o t h e r  i n  go in g  
from  H gB ^  to  H gl^ . However, b e c a u se  o f  a r e l a t i v e l y  weak c o u p l in g  
o f  th e  Rydberg o r b i t a l s  w i th  th e  a to m ic  o r  m o le c u la r  c o re ,  th e  i n t e  
a c t i o n s  be tw een  th e  Rydberg s t a t e s  w i th  c o r e s  o f  d i f f e r e n t  symmetry 
a r e ,  o r d i n a r i l y ,  q u i t e  n e g l i g i b l e . ^  In  any  e v e n t ,  one must 
suppose  t h a t  th e  i n t e r a c t i o n s  a r e  s m a l l  enough n o t  t o  h i n d e r  th e  
c o r r e l a t i v e  e f f o r t  b u t  l a r g e  enough t o  become e v i d e n t  i n  th e  
s e n s i t i v e  An* t e s t i n g  t e c h n iq u e .
Thus, f i n a l  d e t e r m i n a t i o n  o f  cause  must a w a i t  f u r t h e r
s t u d i e s .
INDIVIDUAL SPECTRA
Some comment c o n c e rn in g  th e  i n d i v i d u a l  m o le c u la r  
s p e c t r a  a r e  i n  o r d e r .  We w i l l  no t  d i s c u s s  th e  lo n g e r  w a v e le n g th  
a b s o r p t i o n  r e g i o n  s in c e  t h i s  h as  been  done p r e v i o u s l y . ^
MERCURIC IODIDE
Alm ost a l l  i n t e n s e  bands f o r  X ^  2150$ can be a s s ig n e d
t o  Rydberg s e r i e s  w h ich  converge  t o  one o r  a n o t h e r  o f  th e  f i v e
lo w e s t  e n e rg y  i o n i z a t i o n  p o t e n t i a l s .  C o n s e q u e n t ly ,  a l l  a b s o r p t i o n
bands  a t  X >  2150$ must be supposed  to  be i n t r a v a l e n c e  s h e l l
16t r a n s i t i o n s  and have  been  so  i n t e r p r e t e d  p r e v i o u s l y .  O th e r  
n o t a b l e  e x c e p t io n s  a r e  b road  bands a t  1740$ (57470cm and 
1655$ (60420cm * ) ;  t h e s e ,  p re su m ab ly ,  a r e  i n t r a v a l e n c e  s h e l l  
i n  n a t u r e .  A p o s s i b l e  c o n f l i c t  c o n c e rn in g  th e  n a t u r e  o f  th e  
47900cm band h a s  been  r e f e r r e d  t o  e l s e w h e re  i n  th e  t e x t .
MERCURIC BROMIDE
The lo w e s t - e n e r g y  Rydberg t r a n s i t i o n  i s  a s s ig n e d  a t  
1745$. As a r e s u l t ,  a l l  a b s o r p t i o n  bands  a t  X >  1750$ must be 
supposed  to  be o f  i n t r a v a l e n c e  s h e l l  c h a r a c t e r .  A b ro ad  band 
i s  a l s o  e v i d e n t  a t  1570$ (63700cm w h ich ,  d e s p i t e  th e  p re s e n c e  
o f  th e  l s ^  Rydberg t r a n s i t i o n  i n  t h i s  same g e n e r a l  a r e a ,  must 
be a t t r i b u t e d  t o  an  i n t r a v a l e n c e  t r a n s i t i o n .
MERCURIC CHLORIDE
The m e rc u r ic  c h l o r i d e  sp e c tru m  i s  v e r y  p o o r ly  r e s o l v e d .  
The p o o r  r e s o l u t i o n  and low t r a n s i t i o n  i n t e n s i t i e s  o f  th e  i n i t i a l  
Rydberg  members re se m b le  th e  c h a r a c t e r i s t i c s  o f  th e  m e thy l c h l o r i d e  
s p e c tru m .  The lo w e s t - e n e r g y  Rydberg t r a n s i t i o n ,  l s ^ ,  i s  p r e d i c t e d  
t o  o c c u r  a t  ~64200cm ^ and i s  t e n t a t i v e l y  a s s ig n e d  to  a weak
s h o u ld e r  a t  X ^SS O X . A l l  t r a n s i t i o n s  a t  X > 1550$ must be supposed  
t o  be o f  i n t r a  v a l e n c e  s h e l l  natures, a s  must th e  u n d e r ly in g  i n t e n s i t y  
o f  th e  b road  a b s o r p t i o n  r e g i o n  w h ich  e x te n d s  from  1550 t o  1350$.
CONCLUSIONS
The c o n c l u s i o n s  o f  th e  work a r e  r a t h e r  s t r a i g h t f o r w a r d :  
They p r o v id e  a " y e s "  answ er t o  q u e s t i o n s  ( i )  and ( i i ) ,  a q u a l i f i e d  
" y e s "  answ er t o  q u e s t i o n  ( i i i ) ,  and no answ er t o  q u e s t i o n  ( i v ) ,  as  
t h e s e  q u e s t i o n s  a r e  posed  i n  th e  I n t r o d u c t i o n .
B ecause  o f  th e  a v e r a g in g  p ro c e d u re s  used i n  g e n e r a t i n g  
t h e  c o r r e l a t i o n  l i n e s  f o r  th e  r a r e  g a s e s ,  th e  c o r r e l a t i v e  method 
i s  l i m i t e d  t o  th e  a s s ig n m e n t  o f  one s ,  one p ,  one d , s e r i e s
f o r  e a c h  i o n i z a t i o n  p o t e n t i a l .  However, t h i s  r e s t r i c t i o n  i s  n o t  
p a r t i c u l a r l y  s i g n i f i c a n t  i n  l a r g e r  m o le c u le s  w here th e  s p l i t t i n g  
o f  o r b i t a l  d e g e n e ra c y  i s  u s u a l l y  n o t  r e s o l v a b l e .  I t  may be to o  
r e s t r i c t i v e  f o r  s m a l l e r  m o le c u le s  w here a d e q u a te  r e s o l u t i o n  o f t e n  
d o es  e x i s t .
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CHAPTER V.
ULTRAVIOLET ABSORPTION SPECTRA OF MERCURIC HALIDES
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108
R e c e n t ly ,  E l i e z e r  and A vinu r*  (EA) hav e  d i s c u s s e d  t h e  
s o l u t i o n  a b s o r p t i o n  s p e c t r a  o f  m e r c u r ic  h a l i d e s .  They co n c lu d ed  
t h a t  t h e  o b se rv e d  UV a b s o r p t i o n  bands  i n  a r o m a t i c  h y d ro c a rb o n  
s o l v e n t s  a n d ,  by i m p l i c a t i o n ,  i n  o t h e r  o r g a n ic  s o l v e n t s  a s  w e l l ,  
r e p r e s e n t  i n t e r m o l e c u l a r  ch a rg e  t r a n s f e r  (CT) t r a n s i t i o n s  i n  
w h ich  t h e  m e rc u r ic  h a l i d e  f u n c t i o n s  a s  an  e l e c t r o n  a c c e p t o r .  EA 's 
s t a t e m e n t  t h a t  "Such a b s o r p t i o n  b an d s  ( n e i t h e r  due t o  ben zen e  
o r  i t s  a l k y l  d e r i v a t i v e s  n o r  t o  m e r c u r i c  h a l i d e )  w ere  o b se rv e d  
i n  t h e  UV ra n g e  f o r  t h e  p r e s e n t  s y s te m s"  i s  c o n t r a r y  t o  o u r  ob­
s e r v a t i o n  o f  s i m i l a r  bands  i n  t h e  g a s  p h a se  s p e c t r a  o f  t h e  m er­
c u r i c  h a l i d e s .  C o n s e q u e n t ly ,  some o f  t h e i r  i n t e r m o l e c u l a r  CT 
a s s ig n m e n ts  a r e  s u b j e c t  t o  s e r i o u s  q u e s t i o n ,  and f u r t h e r  d a t a  a r e  
needed  t o  f u l l y  s u b s t a n t i a t e  them.
By o p e r a t i n g  a t  e l e v a t e d  t e m p e r a t u r e s  (>400°K, v a p o r  
p r e s s u r e s  M).5mm) we have been  a b l e  t o  o b s e rv e  t h e  g a s  p h ase
t r a n s i t i o n s  o f  th e  m e rc u r ic  h a l i d e s  i n  t h e  UV r e g i o n  ( F ig u r e  1 ) .
3
M e rc u r ic  c h l o r i d e  e x h i b i t s  a band a t  200mp, (e  = 4 . 6  x  10 ) ,  and
th e  s u g g e s t i o n  o f  a n o t h e r  band a t  273nqx ( e  ~40) whose w eakness
makes a d e f i n i t e  v a l i d a t i o n  o f  i t s  e x i s t e n c e  d i f f i c u l t .  These
f e a t u r e s  c o r r e l a t e  e n e r g e t i c a l l y  w i th  bands  a s s ig n e d  a s  i n t e r -
m o le c u la t  CT t r a n s i t i o n s  by EA a t  210-212m|i ( 5 . 6  x 10^ £ e £ 8 .0  x 10"*)
3and 2 7 3 . 5m^ (e  = 0 .5  x  10 ) i n  v a r i o u s  s o l v e n t s .  F o r  g a se o u s  m e rc u r ic
3
brom ide, maxima a p p e a r  a t  229.8m|i ( e  = 1 .4  x 10 ) and 200.1m(j,
F ig u r e  1 : G as -p h ase  a b s o r p t i o n  s p e c t r a  o f  th e  m e rc u r ic  h a l i d e s
-I -3
v ( c m  x 10  )
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3
( s  = 3 .4  x  10 ) ,  w h ich  c o r r e l a t e  w i t h  bands  a s s ig n e d  by EA a s
3
i n t e r m o l e c u l a r  CT t r a n s i t i o n s  a t  237mp, ( e  = 3 .0  x 1 0 )  and
3 3
199-209m|x (17 x l O  i  c s  7 .2  x  10 ) .  No s e a r c h  was made f o r
weak g a s - p h a s e  a b s o r p t i o n  I n  th e  270m(x r e g i o n .  M e rc u r ic  i o d i d e
3
shows g a s - p h a s e  maxima a t  26&n|i ( e  = 3 .6  x 10 ) and 2 2 3 .5mp,
3
( e  = 6 .5  x 10 ) w h ich  may be compared w i t h  bands  a t  ~275m|j,
3 3 3
( e  a  5 x  10 ) and 210-225mp, (27 x 10 i  e ^  6 .0  x 10 ) a s s ig n e d
a s  i n t e r m o l e c u l a r  CT t r a n s i t i o n s  by EA. The s o l u t i o n  s p e c t r a
o f  m e r c u r ic  i o d i d e  and the deep  c o l o r  o f  i t s  c r y s t a l s  ( i f  n o t
due to  some s o l i d  s t a t e  i n t e r a c t i o n s )  i n d i c a t e  t h a t  t h i s  m o le c u le
may a l s o  have  lo n g e r - w a v e le n g th  t r a n s i t i o n s .
The a c e t o n i t r i l e  s o l u t i o n  s p e c t r a  o f  s e v e r a l  m e ta l
h a l i d e s  a r e  g iv e n  i n  F ig u r e  2 ;  a r ro w s  i n d i c a t e  p o s s i b l e  w eak,
lo w -e n e rg y  t r a n s i t i o n s .  I t  i s  o u r  c o n t e n t i o n  t h a t  t h e  bands  o f
F i g u r e s  1 and 2 r e p r e s e n t  i n t r a m o l e c u l a r  CT t r a n s i t i o n s .  T h is
c o n c l u s i o n  i s  b a sed  on th e  f o l l o w in g  f i n d i n g s :
(1 )  The t r a n s i t i o n  e n e r g i e s  f o r  c o r r e s p o n d in g  bands  
o f  t h e  m e r c u r i c  h a l i d e s  fo l lo w  t h e  o r d e r  o f  th e  h a lo g e n  atom  
and m o le c u le  i o n i z a t i o n  p o t e n t i a l s ;
(2 )  The t r a n s i t i o n s  a r e  more e n e r g e t i c  i n  p o l a r  th a n  
i n  n o n - p o l a r  s o l v e n t s  (p ro m o t io n  o f  e s s e n t i a l l y  n o n -b o n d in g  
e l e c t r o n s  w i t h  s u b s t a n t i a l  c h a rg e  r e d i s t r i b u t i o n ) ;
(3 )  E x tended  H u c k e l - ty p e  MO c a l c u l a t i o n s  p r e d i c t  t h e  
t r a n s i t i o n s  t o  i n v o l v e  s u b s t a n t i a l  ch a rg e  t r a n s f e r  from  th e  h a lo g e n  
a tom s t o  th e  m e rc u ry  a tom .
F ig u r e  2 :  S o lu t i o n  a b o s r p t i o n  s p e c t r a  o f  t h e  m e rc u r ic  and cadmium 
h a l i d e s .  V e r t i c a l  a r ro w s  i n d i c a t e  w here u n re s o lv e d  
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VITA
P a u l  H. Tem plet was Dorn i n  P o r t  A l l e n ,  L o u i s i a n a  on J u l y  29, 
1940. He a t t e n d e d  P o r t  A l le n  High Schoo l i n  P o r t  A l l e n ,  L o u i s i a n a  
and r e c e iv e d  h i s  d ip lom a from  t h a t  I n s t i t u t i o n  i n  1958. From 
1958 u n t i l  1962 he a t t e n d e d  L o u i s i a n a  S t a t e  U n i v e r s i t y  i n  B a ton  
Rouge, L o u i s i a n a .  He g r a d u a te d  from t h a t  I n s t i t u t i o n  i n  1962 
w i t h  a B .S .  d e g re e  i n  C h em is try  and P h y s ic s  and was i n  th e  to p  
10% o f  h i s  c l a s s .  Mr. Tem plet th e n  e n r o l l e d  i n  Duke U n i v e r s i t y ,  
Durham, N o r th  C a r o l in a  and g ra d u a te d  from  t h a t  I n s t i t u t i o n  i n  
1964 w i t h  a M a s te rs  d e g re e  i n  P h y s i c a l  C h e m is try .
I n  1964 Mr. Tem plet was employed by S h e l l  C hem ical Company 
a s  a Q u a l i t y  C o n t ro l  S u p e r v i s o r .  In  1968 he r e t u r n e d  t o  L o u i s i a n a  
S t a t e  U n i v e r s i t y  i n  Baton  Rouge, L o u is ian a ,  t o  p u r s u e  a D o c to r a l  
d e g re e  i n  Chem ical P h y s i c s .  I n  1971 he was a p p o in te d  A s s i s t a n t  
D i r e c t o r  and S c i e n t i f i c  A s s o c i a t e  t o  t h e  L o u i s i a n a  A d v is o ry  Commission 
on C o a s ta l  and M arine  R e s o u rc e s ,  a p o s i t i o n  he  h e l d  f o r  t h e  two 
y e a r s  t h e  s t a t u t o r y  s tu d y  com m ission was i n  o p e r a t i o n .  He r e t u r n e d  
t o  L o u i s i a n a  S t a t e  U n i v e r s i t y  i n  B aton  Rouge, L o u i s i a n ^  i n  th e  
F a l l  o f  1973 t o  com ple te  th e  d o c t o r a l  r e q u i r e m e n t s  o f  t h i s  
I n s t i t u t i o n .
